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1. INTRODUCTION 

This work is a study of vertebrate speciation on a continent. 
It seeks to understand the nature of the various forces operative 
ill Australia, including the barriers breaking up distribution 
and leading to the isolation and divergence of populations. A 
quantitative aiiproach is used to determine the number of new 
species currently evolving and the “potential” of the continent 
for producing further species. 

Our basic knowledge of the speciation process has been 
derived from the study of the faunas of archipelagos and the 
many striking illustrations to be found there provide the classic 
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examples. Continents, lacking the more bizarre intermediate 
forms and obvious distributional barriers (e.g. areas of sea), 
present a much less convincing case for geographic speciation. 
Thus, notwithstanding various fine studies, one school (Gold- 
schmidt, 1940, p. 183) categorically denies that the infraspecific 
variation that is such a feature of continental populations can 
be an intermediate step in the formation of new species. Such 
variation, it is maintained, is “dead end” and of a purely local 
adaptive nature. A large number of clear-cut examples of con- 
tinental speciation and the circumstances surrounding them are 
detailed here and explained. In order, moreover, to arrive at a 
(luantitative comparison of the potential of archipelago and 
continent for giving rise to new species, the number of morpho- 
logically differentiated, isolated forms in Australia and an 
archipelago area of equivalent size are calculated. 

It is now generally accepted that the successive steps lead- 
ing to the completion of speciation are as follows: 

(a) Part of an individually variable population becomes 
spatially isolated from the parental stock. 

(b) Under conditions of isolation it diverges genetically, eco- 
logically, physiologically, and morphologically. 

(c) The differences become increasingly great. 

(d) Finally, the isolates become so different from each other 
that they can no longer successfully interbreed, i.e. they are 
reproduetively isolated. The ultimate proof of this, of course, is 
only forthcoming in those cases when, under natural conditions, 
the two forms secondarily come together and do not interbreed. 

Mayr (1950a) has listed some of the proofs for geographical 
speciation as follows: (a) the occurrence of geographic varia- 
tion in species characters; (b) the existence of borderline cases 
between subspecies and species; and (c) “circular overlaps,” 
that is, cases where the end members of a chain of interfertile 
races meet and do not interbreed. Recently completed speciation 
is indicated by examples of: (a) double invasions, (b) super- 
species, (c) marginal overlaps of closely similar species without 
interbreeding. Of particular significance also is the occurrence 
of allopatric hybridization, the result of a premature reuniting 
of differentiating isolates (i.e. liefore specific distinctness has 
been reached). 

The approach in the present instance is to investigate the 
occurrence of intermediate stages in the speciation process and 
their frequency, and to seek and detail eases of the important 
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associated phenomena. Each species has been studied to deter- 
mine if it is monotypic or if geographic variation (clinal or in 
association with isolation) occurs. Isolates are graded accord- 
ing to the degree of their diiferentiation, and the total number 
for each species, family, and ecological subdivision calculated. 
The significance of various aspects of species ecology on varia- 
tion and speciation, in particular the vegetation formation 
(habitat) occupied and nature of seasonal movements, is treated 
in detail. 

Four hundred and twenty-five of the 531 breeding land and 
freshwater bird species and semi-species occurring in Australia 
(80 per cent of the total) are included in the present study. 

II. MATERIALS AND METHODS 

The present work was initiated in the period 1953-1955, when 
the writer was a Fulbright scholar at Harvard University. The 
basic material is from two sources: (a) systematic studies by the 
author (215 species) and, (b) recent taxonomic reviews, i.e. 
by workers using the “new systematics” (180 species). The 
bulk of the writer’s work was carried out on the bird collections 
of the American Museum of Natural History, New York, which 
are easily the world’s most comprehensive for the Australian 
and Pacific regions. They now include the Rothschild Collec- 
tions and the bulk of the Mathews types, as well as much 
recent material from Queensland (J. Henry) and Western 
Australia (K. Duller). Other U.S. collections examined were 
the Gould Collection in the Philadelphia Academy of Sciences, 
the Arnhem Land Collection (H. G. Deignan) in the U.S. 
National Museum, and recent Queensland collections (by K. 
Stager) in the Los Angeles County Museum. Following the 
writer’s return to Australia, material in the Australian Museum, 
Sydney (including recent collections made by the author in 
New South Wales, central and northern Australia), National 
Museum of Victoria, Melbourne, and South Australian Museum, 
Adelaide, was incorporated into the study. 

In the studies of geographic variation, standard taxonomic 
methods have been used (see author’s various papers), in all 
eases the emphasis being on the population, not the individual. 

Published taxonomic data used in the work were obtained 
from the following sources: families Podicipitidae (Mayr 1943) ; 
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Accipitridae, Faleoiiidae, and Paiidionidae (Amadou, 1941 ; Con- 
don, 1951a; Condon and Amadou, 1954) ; Ardeidae and Tlireskor- 
nithidae (Mayr, 1943; 1945b; and Amadou, 1942; Aniadon and 
Woolfendeu, 1952); Anatidae (Mayr and Camras, 1938; Mayr, 
1940a, 1945b; Amadou, 1943; Aniadon and Woolfendeu, 1952; 
Ripley, 1942) ; Rallidae (Peters, 1934; Mayr, 1949) ; Psittacidae 
(Condon, 1941; Mayr, 1951; Cain, 1955); Sittidae (McGill, 
1948; Mayr, 1950b); Cractieidae (Aniadon, 1951); Grallinidae 
(Amadou, 1950a) ; Ptilonorhyncbidae (Mayr and Jennings, 
1952); and the following genera: Geopelia and Lophophaps 
(Mayr, 1951) in the Colnmbidae ; Aci'occphalus (Mayr, 1948) in 
the Silviidae ; PachycephaJa (Mayr, 1954a); Falciinculus and 
Oreoica (Mayr, 1953a, b) ; Orthonyx (Maek, 1934a) ; G cry gone 
(Meise, 1931); Malurns (Maek, 1934b; Serventy, 1951); 8cri- 
cornis (Mayr, 1937 ; Mayr and Wolk, 1953) ; Acanthiza (Maek, 
1936; Mayr and Serventy, 1938) in the Miiscicapidae ; and Zos- 
tcrops lutca (l\Iees, 1957) in the Zosteropidae. 

In addition, the general study by Condon (1951b) on the 
birds of South Australia eontains much basic taxonomic in- 
formation. 

Detailed studies of geographic variation were carried out by 
the author on the following : the families Turnieidae, Pediono- 
midae, Colnmbidae, Aleedinidae, Menuridae, Atrichornithidae, 
Campephagidae, Artamidae, Meliphagidae, Zosteropidae, Dieaei- 
dae, Oriolidae, the subfamilies Estrildinae (Ploeeidae) and 
Muscicapinae (^Inscicapidae) ; and the genera Mcgalurus 
(Silviidae), Climactcris (Sittidae), Orthonyx, Sphenostoma, 
Dry modes, PsopJiodes (Cinelosomatini, Mnseieapidae), and 
Epihianura, Ashhyia, Smicrornis, Aphclocephala, Ilylacola, 
Calamanthus, Cthouicola, Origma, Pycnoptilus, Cinclorhamphns, 
Amytornis, Dasyornis, and Stipitunis (Maliirini, Mnseieapi- 
dae). The majority of these studies have now appeared, or will 
later appear, as separate papers. Those so far published are : 
Oriolidae and j\[eg(durus (Keast 1956a, b) ; Aphclocephala , 
Dasyornis, Stipitunis, Aleedinidae, Climactcris (Keast 1957a-e) ; 
IMuscicapinae, Amytornis, Epthianura- and Ashhyia, Dicacum, 
Artamidae, Estrildinae, Psophodcs, Smicrornis, Campephagidae 
(Keast 1958a-i). 

A marked advantage of using birds for studies in speciation 
is that there is a great amount of data on distribution, habitat 
and general ecology available in the literature. This applies 
equally well in Australia. Included in the standard works con- 
sulted in the present stud}^ are: North, 4 vols. (1901-1914), 
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Mathews, 12 vols. (11)10-1927), Scrventy and Whittell (1951), 
Mayr (1941, 1944a, 1945a), and tlie })eriodieals. The Emu, and 
South Australian Ornithologist, now in their 58th and 44th year 
of piiblieation, respectively. Field workers in various parts of 
Australia have kindly made sui)])lementary material available. 
In addition, the widter has had the advantage of having worked 
on the binls of eastern Australia over a number of 3 ^ears and 
to have made field trips as follows: central Queensland (1950, 
1951), Bass Strait islands (1951), Kimberleys, coastal Northern 
Territory, and north Queensland (1952), Victoria (1951, 1955), 
central Australia (1952, 1958), southeastern South Australia 
(1958), western New South Wales, including the mallee regions 
(1956-1959), southwestern Australia and the Barlee Bauge 
(midwestern Australia) (1959). Besides acquiring taxonomic 
material, this has made it possible to check distributional limits, 
degree of attachment to habitat, aspects of seasonal movements, 
and to look at certain contact and hybrid zones. 

Information on the Australian continent as an environment 
has been drawn from various official and other sources. In the 
case of the map showing former connections betAveen Australia, 
Ncav Guinea, and Tasmania, the 150 and 300 ft. isobaths are 
calculated from the sea depths shoAvn on the Australian sheet 
of Carte Generate Bathynietrique des Oceans, 3rd Edition, 1942, 
Monaco. The map showing the limits of the Australian and 
Asian continent shelves is adopted from that in Mayr (1945c). 
Physiographic data are primarily from the 1942 Orographical 
Map of Australia by II. N. Warren, and Hills (1949). Data 
on temperature, rainfall, and associated factors, are from vari- 
ous official maps (undated), the Climatological Atlas issued by 
the CommoiiAvealth Meteorologist (also undated). Beeper 
(1949), and the recently published Atlas of Australian Ke- 
sourees. Department of National De\^elo})ment, 1951-1955. The 
climatic map is based on the chart of Dr. J. Gentilli (undated). 
Other climatic maps, more precise and detailed, are to be found 
in Andrewartha and Birch (1954) and in the Atlas of Au- 
stralian Itesources, cited above. The mails of ATgetation forma- 
tions and soils are simplifications of those of Prescott (1931) 
and Wood (1949). Information as to Pleistocene and post- 
Pleistocene climates and vegetation changes is from BroAvne 
(1945), Crocker and Wood (1947), Gentilli (1949), David 
(1950), Fairbridge (1953), Crocker (1959a), and Wood (1959). 
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111. DEFINITIONS AND TERMINOLOGY 

For the purposes of the present study it has been necessary 
to depart soniewliat from the terminology normally used by 
taxonomists. This applies particularly to the dropping of the 
term “subspecies” or “race” which, as used, simply means a 
inori)hologieally differentiated population and tells nothing of 
evolutionary potential. The emphasis here is on isolation and 
lienee the term “isolate” is used. Where subspecies names 
come into the text, it is as a ready means of referring to a 
form that already bears a name in the literature. 

Species: The modern biological definition for the species is 
followed, the criterion being reproduetive isolation. Care is 
taken to draw attention to, and view somewhat differently, those 
species that are members of superspeeies (i.e. that are allopatrie 
representatives), and that fall into the category of “semi- 
species” (see Mayr, 1942). The latter are the distinctive isolates 
of uncertain genetic status that the taxonomist may call species 
because they have reached a significant stage of morphological 
dift'erentiation and for the sake of expediency. 

Isolate: This is a population or populations isolated from 
the main stock by a geographic barrier so that interbreeding is 
})revented. Isolates may be undifferentiated, slightly differenti- 
ated, moderately or well differentiated, the last-named being 
forms in which speciation is well advanced. 

In calculations of the number of morphologically differentiated 
isolates one stock is set aside as the “parent” from which the 
isolates are diverging. For the sake of consistency, in compari- 
sons between continent and archipelago, in those species that 
range through both, one form in each is set aside as “parental.” 

Species that do not vary geographically, or have only clinal 
variation, do not, of course, have isolates. 

Population: This is used as an inexact term to mean simply 
the members of a species inhabiting a restricted area. It is 
credited with the morphological characteristics of a series of 
adult speeimens from that area. 

Morphological characters : Those used are variation in colour- 
ation and colour-pattern, the dimensions of the appendages 
lowing length [a good criterion of over-all size in birds], bill 
length, tail length) and, sometimes, the ratios of the length of 
one appendage relative to another. The term “morphological” 
is used to stress the fact that it is the variation visible in the 
preserved specimen that is being considered. 
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Hybrid zones: These are characterized by the presence of 
very variable populations, with extreme tyjies, as well as a range 
of genetic recombinants being present. Most are narrow but in 
some cases a rather broad zone of intergradation occurs. 

Hybrid zones mark the breakdown of a former barrier and the 
reunion of isolates that had reached a marked degree of mor- 
phological differentiation. A minor amelioration of climate in 
Australia, and in some cases human interference with habitat, 
is enabling various species to extend their range at the present 
time. Only a minority of them, however, have as yet contacted 
their geographic counterparts to form hybrid zones or zones of 
overlap. 

Stepped dines: The presence of a “step” in a cline is 
evidence of former isolation and there are good examples of 
this phenomenon in a few Australian bird species, e.g. Pachy- 
ccphala pectoralis (Mayr, 1954a). Minor zones of intergrada- 
tion that may not, or do not, indicate secondary’ junction (note 
also the remarks of Miller, 1955) are discussed separately. 

Continuous dines, though they may involve peripherally 
adapted forms that could diverge rapidly if isolated, do not 
form a stage in the speciation process. Hence they receive only 
passing attention. 

Barrier: This is an area within, or at the edge of, the range 
of a species where it cannot thrive because of its innate ecologi- 
cal limitations. The term is used here strictly as a geographic 
or spatial concept. 

The well defined distributional barriers, especially those that 
have given rise to distinctive isolates, are the critical ones here. 

Habitat: This term is used in a broad sense to mean the 
basic vegetation formation occupied by a species. 

About ten vegetation formations are of major importance to 
Australian birds; rain forest (under which may be included 
monsoon or i)seudo-rain forest), sclerophyll forest, savannah 
woodland, savannah grassland, mulga, mallee, desert (spinifex) 
grassland, gibber desert, mangroves, and swamps and rivers. 
The majority of bird species occur in onlj" one, or are common 
in only one, of these formations, sometimes being restricted to a 
sjiecialized sector, association or sub-association within it (e.g. 
plateau-top heathland within the eastern sclerophyll sector). 
Habitat specificity is discussed in Section VI. 

The significance of the vegetation formation in bird distribu- 
tion and speciation lies, of course, in the fact that it represents 
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a zone of relative physical and biological constancy. It is to 
these grouped factors that species have adapted and specialised 
during their development. “Habitat” is as valid a species 
(diaracter as morphological or genetic criteria, in most cases. 

Refuge: This term refers to fertile or semi-fertile areas, 
mostly mountainous or hilly sections, in which plants and ani- 
mals have been able to persist during arid periods. 

Australia is currently in an arid phase, with marked aridity 
stemming from the early Recent. The rain forest, sclerophyll 
forest, and savannah woodland areas of the continent are today 
broken up into a disconnected series of peripheral segments, 
some of vast extent. Use of the term “refuge area” should not 
carry the inference that species “retreated” into them with 
the onset of aridity, but that only the stocks inhabiting those 
areas were able to survive. 

Sedentary or resident species: This refers to a species the 
members of which do not undertake seasonal movements but, as 
adults at any rate, spend the year in the general vicinity of their 
breeding territories. There is a minimum intermixture of indi- 
viduals from the different jiarts of the species range in this group. 

Migratory species: This term is used for species that have a 
south-north migration and regular breeding areas. They are 
typically inhabitants of the better watered coastal forests where 
conditions are uniformly good. Examples: Coracina novaehol- 
landiae (eastern Australia) and Artaniiis cyanopterus. 

Nomadic species: This term denotes those species that; (a) 
undertake extensive group movements of irregular amiilitude and 
direction and, (b) breed wherever conditions happen to be suit- 
able, e.g. Epthianura tricolor and Ilistriophaps histrionica. (See 
also Section VI). 

Nomenclature : That of Mayr and Amadou (1951) is followed 
in the present work. The species order is that of the 1926 Check- 
list of the Royal Australian Ornithologists l^nion. 

IV. THE AUSTRALIAN CONTINENT AS A RIOTIC 
ENVIRONMENT. 

The Australian continent has a land area of 2,984,000 sipiare 
miles, about three-quarters of that of Europe (including Eu- 
ropean Russia). It is approximately the same size as the Thiited 
States and is some twenty-five times the land area of the British 
Isles. It has been a stable land mass for a considerable portion 
of its geological history and Archaean rocks outcrop over an 
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pxtonsive area. 

Australia differs from the other eontiiieiits in various ways 
including : 

(a) Spatial isolation from other large land masses (Figs. 1, 




Fig. 1. Australia in relation to Asia, and showing limits of continental 
shelves (100 fathoms or 600 foot line). The clashes indicate Wallace’s Line 
(original), the dots Weber’s Line, and the continuous line the western 
limits of the Australo-Papuan continental fauna. 

At the height of Pleistocene glaciation the sea level only fell 300 feet. 
The cross-hatched areas nevertheless correspond fairly well with the extent 
of land at that time. (Figure modified from that in Mayr, 1045c). 



2 ). 

(b) General flatness, mountain barriers to dispersal being 
virtually nonexistent (Fig. 3). 
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(e) Absence of areas of extreme cold, the \viiiter snowbelt 
amounting to only a few hundred square miles. There are no 
permanent glaciers or snowfields. The over-all climate varies from 
subtropical to cold temperate. The mean annual temperatures 




Fi- L>. A ustralia in relation to the islands to the north and east. The 
s1i})pled areas indicate the land extensions that would follow a 150 foot 
ilrop in sea level, and the dashes show the 300 foot line. Tasmania and New 
(Juinea were twice connected with Australia during the Pleistocene when 
the sea level fell 300 feet. 

Deep water isolates Timor, New Zealand, and the islands to the east and 
separates New Britain from New Guinea. 

range from over 80° F. in the tropical north down to 45 °F. in 
the highlands of the south. Daily minimum temperatures for 
July (coldest mouth) are 60-70° and 30-45° F. respectively, and 
daily maximum temperatures for January (hottest month) arc 
85-90° and 60-65°F., respectively. 

(d) Generalized aridity. Agriculturists classify Australia as 
being only one-third fertile, with the remaining thirds semi-arid 
and arid, respectively. Rainfall (PMg. 4) is the all-important 
factor governing the distribution of life in Australia. 
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(e) The arrangement of the basic vegetation formations (which 
form the bird habitats) into broad parallel, north-south (mostly), 
or east-west zones (Fig. 5). The altitudinal zonation of plants 
and birds that is such a feature of the Rockies and other high 
mountain regions of the world is virtually absent in flat Australia. 




FiK. 3. Physiographic* map of Australia. The continent is relatively flat. 
Mountains are not, per se, significant barriers to avian distribution. Their 
control of distribution, by way of rainfall and vegetation, however, is pro- 
found. 

The dotted line indicates drainage patterns. (Map redrawn from that of 
Hills, 1949). 



Physiography, Climate and \'egetation 

Physiography : The continent falls into three physical sub- 
divisions (Fig. 3) : the Great Plateau or Archaean Shield that 
covers the western half of the continent, the ('entral Basin, and 
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the Eastern Highlands (Hills, 1949; David, 1950). The back- 
bone of the last-named is the Great Divide, the range that extends 
southwards down the full length of the east coast, thence to 
Tasmania and westwards to central Victoria. It is by far the 
most significant physiographic feature on the Australian con- 
tinent and not only influences climate and vegetation over a wide 




Fig. 4. Kainfall of Australia (average annual figure in inehes). The 
pattern is one of eoneentric zones of increasing rainfall outwards from an 
arid central area. The desert extends to the coast in the south and west. 
The eastern, southeastern, southwestern sections, and a small area in the 
north, are fertile. 

(Map adapted and simplified from that in the Atlas of Australian re- 
sources ~ Kainfall ; iTihlished hy the Pepartment of National Develop- 
ment, 19.o2.) 

area but permits a richness and diversity in the flora and fauna 
that would otherwise be impossible. Nevertheless, only relatively 
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restricted parts of it exceed 4000 feet in hei^^lit and tlie highest 
peak ill Australia, IMoiuit Kosciusko in tlie southeastern section, 
is a mere 7,300 feet in height. 

Here and there over the surface of the continent, elevated 
areas, residual masses, and dissected plateaux take the form of 
mountain ranges. Amongst the most interesting of these from the 
fannistic viewpoint are the IMount Lofty and Flinders Kanges in 
South Australia, the Maedonnells and other ranges in central 
Australia, the Darling Scarp and Stirling Ranges in the south- 




Fig. 4a. A simplified climatic map of Australia. Derived by J. Gentilli 
(Tliorntlnvaite formula). 

west, Hamersley Ranges and the Kimberley district in the north- 
west of the continent (Fig. 3). Though typically these do not rise 
more than a couple of thmisand feet above the surrounding plain 
they have a marked local influence on rainfall and vegetation and 
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permit the existence of various forms of life that would otherwise 
he impossible. 

Rainfall: The rainfall patterns of Australia will be seen from 
the map of average rainfall (Pig. 4). The isohyets take the form 
of concentric zones of increasing rainfall extending outwards 
from an arid interior. The transition is particularly well defined 
in the east where the belts extend from north to south parallel 
with the coast. In places, tongues of dry country extend through 
from the interior to the coast, breaking up the more fertile 
country into sectors. 




Fipf. 5. Major vegetation formations of Australia, simplified from Pres- 
cott (1944) and Wood (1949). For explanatory notes see Table 1. There 
is a close relationship between the distribution of bird species and that of 
the major vegetation formations, with gaps in the formations acting as 
isolating barriers. M — mangroves; P = pseudo-rainforest (riverside). 

Two main systems operate to produce the Australian rainfall, 
a winter one that moves up over the southern part of the con- 
tinent (the “Antarctic Sy.steni”) and a summer one (the “Trop- 
ical System”) that brings monsoonal rains to the north of the 
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continent. The north of the continent has a wet summer 
and a dry winter, whilst in the south the reverse is the case. 
Since, however, the summer is hot in the north the rainfall 
there is less effective and the over-all climate is dry. The 
Eastern Highlands ensure that the east and southeast of the 
continent benefit both from the summer and winter systems 
and have a comparatively even rainfall. The central regions of 
the continent are towards the limits of penetration of both 
systems, either or both of which may fail. The 10-inch line in 
the south and 15-inch zone in the north outline the limits of the 
desert. 

Other facets of rainfall in Australia are its unreliability over 
large sections and the high rate of evaporation, factors greatly 
influencing plant growth. The irregularity of the rainfall in 
the interior explains the high proportion of nomads in the avi- 
fauna there. 

The climatic zones in Australia (Fig. 4a) reflect the rainfall 
picture. 

Vegetation: The basic vegetation zones occurring on the Au- 
stralian continent and a summary of their characteristics, are set 
out in Table 1. The approximate area of the continent covered by 
each (author’s calculations) is given in Table 2. The close link 
between rainfall and the distribution of the basic vegetation 
formations in Australia will be seen from a comparison of Figures 
4 and 5. 

Rain forest is restricted to the eastern seaboard and is broken 
up into pockets. Scleropbyll forest, eastern and southern in dis- 
tribution is also largely restricted to the coastal regions and is 
discontinuous. 

Savannah woodlands occur as broad tracts across the north 
and down the east of the continent (mainly). 

Savannah grasslands, mulga, and spinifex desert (desert grass- 
land) are the semi-arid to arid country formations. They occur 
as broad and continuous zones with the latter two occupying the 
central areas. 

Mallee, a stunted but floristically diverse formation, occurs in 
broad southeastern and western tracts (with some discoutinuity) 
in the dry southern inland of the continent. 

Mangroves extend practically right around the Australian con- 
tinent but the rich and diverse tracts that support specialized 
mangrove bird species are restricted to the northernmost two- 
thirds. The swamps and marshes (not shown because of their 
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relatively small extent) and rivers (homes of the water-birds) are 
developed to by far the greatest extent in the better watered 
southeast of the continent (Victoria and New South Wales). 
Even so, a good proportion of them are temporary. 




'f Stony deserts 

f- — -I Tablelands and ranges 

[ 1 Desert sandhills and 

^ ' sandplains 

Low country, deltaic 

Desert loams 
Brown soils of 
light texture 



Grey and brown soils 
heavy texture 

Mallee soils and sandhills 
Podsols, red loams, etc. 

Red brown earths and terra rossas 
^ ///\ Rendzinas and black earths 
mu High moor peat 



Fig. 6. The soils of Australia. Map is a simplified version of that of 
Prescott (1944), reproduced by Taylor (1949). Definitions of soil types 
are given by E. Crocker (see Keast, 1959a). 

Physiography, rainfall, and soils, control the distribution of vegetation. 

Soils: The major soil types occurring in Australia will be seen 
in Figure 6. The eharaeteristies of these have been summarized 
by Crocker (in Keast, 1959a). Attention to the fact that the 
zonal soil groups in Australia follow a pattern somewhat similar 
to rainfall has been directed by Wood (1959). Again, there is a 
broad, but not absolute, zonal sequence and correspondence be- 
tween soil type and vegetation. 

Soil history in Australia, and its influence on bird distribution, 
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through the vegetation, will be discussed in Section XI. 

Spatial llelationshi}) of Australia to other Land Masses 

The distance between Australia and the nearest point of the 
Asiatic mainland today exceeds 2000 miles. This isolation dates 
back to the beginning of the Tertiary, a period of some 50,000,000 
years. 

The limits of the Australian and Asian continental shelves (100 
fathom or 600 foot line) will be seen on Figure 1. The former, 
it will be noted, extends out for only a short distance but the 
latter includes Borneo and Java, over one-third of the distance 
towards Australia. During the Pleistocene emergence the sea- 
level is believed to have twice fallen some 250-300 feet, and it is 
obvious that the Asian continent must have extended a consider- 
able distance towards Australia. XT)iietheless, the faunistic dif- 
ferences between the two continents have been preserved. This 
underlies the significance of the intermediate drep-water gap, the 
islands within which have been highly unstable geologically. 
These islands, moreover, are “ecologically impoverished” and 
apparently only capable of supporting a somewhat limited num- 
ber of bird species. On these grounds also they represent a “dis- 
tributional bottleneck.” A discussion of AVallace’s Line is beyond 
the scope of the present paper. Several recent authors have, 
however, reviewed its zoogeographic significance; these include 
Scrivenor et ah' (1943), Mayr (1945c), and Darlington (19i>7). 

The islands adjacent to the Australian continent and their 
history are as follows : 

Timor: This lies some 350 miles to the northwest of Australia, 
a ga]) that was narrowed to perhaps 50-70 miles at the height of 
the Pleistocene emergence. As will be seen from Figure 1, how- 
ever, there is a narrow tract of deep water immediately to the 
east of Timor. The avifauna of Timor is a blend of species of 
western and eastern origin (Mayr, 1944a). 

Xnv Guinea: This large island is only 100 miles from Australia 
at its clo.sest point. Tlie intermediate water is shallow, extending 
down to only about 30 feet in the section to the north of Cape 
York. New Guinea has repeatedly been in direct contact with 
Australia. This was the case during part of the Tertiary and on 
two separate occasions in the Pleistocene. 

New Caledonia: This island, 750 miles to the northeast of 
Australia, is separated by deep water and its isolation is of long 
.standing. 
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New Zealand and Lord Howe Island: These islands lie, re* 
spectively, 1200 and 350 miles to the east of Australia. Both are 
regarded by geologists as “continental remnants,” though a sub- 
marine trough extending down to 12,000 feet isolates New Zealand 
today. The nature of any pre-Tertiary connections with Australia 
are, however, highly speculative. 

Tasmania: This island lies about 140 miles off southeastern 
Australia but with islands half-wmy across, and has a purely 
Australian fauna. Intermediate ocean depths only extend down 
to perhaps 150 feet and, like New Guinea, Tasmania was directly 
connected to Australia during part of the Tertiary and Pleis- 
tocene. 

The influence of the surrounding land masses on the Australian 
avifauna has obviously been relatively slight, a fact that makes 
the continent ideal for speciation studies. Not only is the con- 
tinent surrounded by areas of deep sea but, if Tasmania be in- 
cluded with Australia, only to the north has there been “inter- 
ference” from outside. New Guinea has, however, continuously 
contributed new bird species to Australia. 



V. THE AUSTBALIAN AVIFAUNA 

Australia is credited with 707 species of birds by the Official 
Checklist of the Koyal Australasian Ornithologists Union (1926). 
The recent treatment of Mayr and Serventy (1944), however, 
rightly reduces the number to some 651 species. There are 37 
species of breeding seabirds, 83 visitors, 531 land and freshwater 
birds (29 of which come into the category of semi-species), with 
14 being restricted to adjacent islands. It is on this total of 531 
species that the calculations in the present work are based. 

In accord with its being the smallest land mass, Australia has 
less bird species than the other continents, as the following figures 
of Stresemann (1927-1934) will show: 

Australia 531 species 

Africa 1,750 

South America 2,500 

North America 750 

Palearctic region 1,100 

(Europe and Asia) 

The tropical island of New Guinea, immediately to the north of 
Australia, with only one-tenth of the land area, but dominated 
by tropical rain forest and high mountains, has no fewer than 
509 species of land and freshwater birds, together with 28 semi- 
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species, and 29 inhabiting adjacent islands, a total of 566 species. 
Thus it has a richer avifauna than Australia. If the 191 species 
common to both be eliminated, the combined total for Australia 
and New Guinea is 906, a sum that brings the section more into 
line with the major land masses of the Northern Hemisphere. 

The Australo-Papuan region is one of the major zoogeographic 
subdivisions of the world and, in conformity with its peculiar 
mammalian, amphibian, and freshwater fish fauna, is rich in 
endemic bird families, subfamilies, and genera. In contrast with 
some lower vertebrate groups (freshwater tortoises, hylid frogs), 
various invertebrates and some plants, and despite the occurrence, 
of flightless ratites, numerous parrots, etc., on both, Australia 
has no close affinities with the avifauna of South America. Like- 
wise, supposed direct relationships with certain African elements 
(e.g., between Froynerops and the Australian Meliphagidae) are 
now open to question (Mayr and Amadon, 1951). Many bird 
families do, however, extend from Asia to Australia, and some 
from Africa or Europe, through Asia, to Australia. Such may 
be equally well developed in both regions, e.g., Turnicidae, 
Campephagidae, Ploceidae, Zosteropidae. More commonly, how- 
ever, only one or tw’o species of such Palaearctic or Oriental 
families extend to, or occur in, Australia : Meropidae, Pittidae, 
Timaliinae, Sylviinae, Motacillidae, Nectariniidae, Coraciidae, 
Sturnidae, Oriolidae, Dicruridae. Avifaunal interchange across 
Wallace’s Line and down the “impoverished” Indonesian island 
archipelago has been discussed by Mayr (1945c), Darlington 
(1957), and others. 

The families and subfamilies endemic to the Australo-Papuan 
region have been listed by Darlington (1957) and Keast (1959b). 
Those occurring in Australia proper, and the number of species 
comprising each family, are as follows : Casuariidae (casso- 

waries), 1; Dromaeidae (emus), 1; Megapodiidae (incubator- 
birds), 3; Pedionominae (collared hemipodes), 1 ; Loriinae (honey 
lories), 6; Kakatoeinae (cockatoos), 10; Menuridae (lyrebirds), 
2; Atricliornithidae (scrub-birds), 2; Malurinae (Australian 
warblers), 64; Meliphagidae (honeyeaters) , 65; Cracticidae (Aus- 
tralian butcher-birds), 14; Grallinidae (mud-nest builders), 3; 
Ptilonorhynchidae (bower-birds), 8; Paradisaeidae, (birds of 
paradise), 3. Two hundred and thirteen species of Australian 
laud and freshwater birds, or 35 per cent of the total, belong to 
these endemic groups. If, however, Australia and New Guinea 
be grouped together, with their total of 906 different species, the 
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number of species belonging to these groups is found to reach 
369 (41 per cent). 

In addition to endemic families and subfamilies Australia has 
various endemic genera belonging to cosmopolitan families such 
as the Anatidae (ducks), Columbidae (pigeons), and Ploceidae 
(finches). The Strigidae (owls), Cuculidae (cuckoos), Kallidae 
(rails), and others are each represented by various endemic 
species. In contrast to this, interestingly enough, a couple of 
cosmopolitan bird species extend to Australia, e.g., the owl Tyto 
alba, the falcon Falco peregrinus, and the grebe PocUceps crista- 
tus. 

Considerable radiation has occurred in the Australo-Papuan 
region in various cosmopolitan families. Thus, Australia now has 
18 species of ducks and geese, 23 jiigeons and doves, 51 ])arrots 
(though a proportion of these are lories and cockatoos), 10 king- 
fishers, and 12 cuckoos. 

From the viewjioint of its origin, the Australian avifauna could 
be said to have been l)uilt up by a series of waves of colonization 
from the north over a prolonged period, or by successive coloni- 
zations superimposed upon the earliest elements. Isolation has 
been fairly complete throughout. 

VI. THE SAMPLING OF THE AFSTPALIAN 
AVIFAUNA 

Eighty per cent (425 out of 531 speeies) of breeding land and 
freshwater birds are covered. 

The sampling of speeies in the present work, has been a random 
one. Onh" a coiit)le of families of lesser importance are unrepre- 
sented. The proportion of species of New Gninea-Pacifie and 
Australian origin in the sample approximates to that actually oc- 
curring, as does the proportion of species with the ditferent kinds 
of distribution in Australia, e.g., southern as against northern, 
])eripheral and inland, extensive and restricted. The ratio of 
species inhabiting the vai-ious basic vegetation formations and 
of those falling into the various eategories of seasonal movement 
is likewise maintained in the sample. 

In the following, stress is placed on the relationship between 
speciation and (a) the phylogenetic group (i.e. family) to which 
a species belongs, (b) the vegetation formation it occupies, (e) 
the nature of its seasonal movements. 

Sampling According to C'lassification and Family Categories 

The classification and subdivisions of the Australian land and 
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fresliwater bird fauna are set out in Table 4. The number of 
species iu each family and sample used in the present study are 
shown in the first column. Thirty -one families are covered in 
toto whilst some 90 per cent of the Muscieapidae and more than 
half the parrot species are included. The only important families 
unrepresented are the Strigidae (8 sjieeies), and Cuculidae (11 
species). 



tSampling According to Habitat 
(Vegetation Formation) Occupied 

The major vegetation formations occurring iu Australia, and 
the approximate continental area covered by each jilus its per- 
centage of the whole, are set out in Table 2. In succeeding 
columns the number of bird species restricted to or reaching its 
greatest abundance in each formation are shown, together with 
its percentage of the total avifauna. The final column represents 
a calculation of the number of scpiare miles of hal)itat per species, 
to give a figure for the relative I’ichness of each vegetation 
formation. 

The sample of each type used as the basis for all the calcula- 
tions in this work is set out in the first column of Table 5. 

Savannah woodland, savannah grassland, mulga, and spinifex 
desert, cover the largest areas of the continent. By contrast, rain 
forest and mangroves, though covering only a small area, are 
richest, on the one hand, in terms of number of bird siiecies and, 
on the other, in number of species i)er s({uare mile of habitat. 
The largest numbew of species, however, could be said to be 
specialized for life in selerophyll forest and savannah woodland. 
This figure, it should be noted, does not represent the number 
of bird species that could be seen in a day’s observation in a 
tyiiical area of each habitat, for in a savannah woodland, partic- 
ularly, there is a relatively greater geographic reiilacement of 
species as between the north (tropical savannah) and the south. 
Rather, it expresses the number of species that are, basically, 
inhabitants of each. 

In the compiling of Table 2, it was apparent that the avifauna 
of the more specialized vegetation formations, the rain forest, scle- 
rophyll forest, mallee, desert (spinifex) grassland, mangroves, 
and swamps and rivers, tended to be fairly specific and conserva- 
tive in habitat choice. Hence, little difficulty was had in allocating 
species to a category. This did not ap})ly, however, to the more 
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“ transitionar ’ types of vegetation formation: savannah wood- 
land, savannah grassland, and mulga, which not only have much 
in common but interdigitate and overlap extensively. The dom- 
inant species in savannah grassland (or savannah woodland) 
may also be common in savannah woodland (or vice-versa) and 




Fig. 7. l)istril)utioii of 6 speeios of the genus Alcliphaga (honeyeaters) 
in eastern Australia to show correlation with major vegetation formations. 
The map is somewhat diagrammatic. Six species are inhabitants respectively 
of mangroves, rain forest, sclerophyll forest, savannah woodland, savannah 
grassland — mulga, and niallee. 

This is an exceptionally good example of a ijhenomenon seen to at least 
some extent in most bird genera. 
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miilga, and penetrate the dryer sclerophyll forests and mallee. 
In these cases the alternative remained of creating several addi- 
tional “habitat categories” or placing the species under the 
vegetation formation in which they were especiallj* prominent. 
For the sake of simplification the latter course was chosen. The 
figures for savannah woodland and savannah grassland are 
placed in brackets in Table 2; they are probably relatively too 
high. 

Apart from the above, a number of species occupy a life zone 
that is a continuum between two or more formations, e.g. the 
“leafy canopy,” mistletoe. Again, large hawks, crows, small 
aerial feeding species (e.g. swallows), and a few others, are little 
influenced by vegetation in their distribution. They have a range 
that is virtually continent-wide. For the sake of completeness 
these are included in whichever of the “intermediate-type” 
habitat categories they are especially prominent. 

Each bird species is included only once in the calculations. 

The whole problem of allocating species to habitat categories 
is much simplified in Australia, fortunately, by the basic vegeta- 
tion formations being arranged in broad, parallel, zones. 

Sampling According to Seasonal Movements 

The seasonal movements undertaken by Australian land and 
freshwater bird species are complicated and every stage in the 
transition from one to another of the extremes is present. Thus, 
amongst the south-north migrants are species in which the move- 
ment is restricted to the more southern populations, or to a pro- 
portion of the individuals of these populations. In others the 
movement is entire. Amongst the nomadic species are some that 
are sedentary for a year or more, moving with the onset of a 
drought, and others that are nomadic in part of the range only. 
In the more typical nomads, however, the movements are general, 
irregular, occur frequently, and are of considerable amplitude. 
Many have, seasonallj^ a south-north bias to the movements. 

For the purposes of the present work, species are broadly 
grouped into the three categories according to the nature of the 
.seasonal movements over the bulk of the sjiecies range. 
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. Grouped in this way, the Australian land and freshwater birds 
are as follows : 

Table 7 

In Fauna In tSiample 

No. of Species % of Whole No. of Species % of Whole 



Sedentary species 351 66 294 69 

South-north migrants 42 8 32 8 

Nomadic species 138 26 99 23 

The small number of true migrants and the relatively great 
importanee of the nomadic wa^^ of life on the Australian con- 
tinent, as compared to the Palearctic and Nearctic regions, will 
lie noted. Nomadism is an adaiitation to unreliable and uncertain 
rainfall, though, in Australia, a certain amount of this behaviour 
is associated with the blossoming of food trees. j\Iigratory sjiecies, 
in the restricted south-north sense in which the term is used here, 
are, as noted, mainly inhabitants of the well-watered eastern 
section of the continent. 



Vll. VARIATION AND SPECIATION IN THE 
VARIOUS BIRD FAMILIES 
Order IM)DI(MPET)FS 
Family 1 H)D I C I IM T ID A E 
(Grebes) 

There are tliree grebe species in the Australian region, only 
one of which is endemic. All have an extensive Australian range, 
are nomadic, and are swamj) and river forms, diving for sul)- 
merged food. 

Speciation 

Where continental variation occurs it is of a clinal nature*, 
vide Podiceps novuchuUundioe (Mayr, 1943). Isolation and dif- 
ferentiation does, however, occur in this sjiecies beyond Australia. 

Order FALCONES 

Families ACCIPITRIDAE, FAIA'ONIDAE. PANDIONIDAE 
( Hawks and Eagles) 

The Australian eagles and hawks number 24 si)ccies and con- 
stitute a most varied fauna. At the one extreme are small “hov- 
ering’' kites and a kestrel, at the other the large eagle Aquila 
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audax with wingspan of ii]) to ten feet. Tlie majority of the 
forms are endemics (4 o-onera. 15-16 of tlie species) that have 
(liverjj^ed to a greater or lesser extent from (*.oiinterparts in other 
areas of the world. 

The various forms are sjiecialized ecologically in various ways : 
as scavengers, rodent and insect feeders, hunters that catch birds 
in the air, and as fish-eaters. Many are nomads and their distri- 
bution dejiends on seasonal conditions and the whereabouts of 
prey. 

All the Australian hawks are well differentiated species. 

Speciation 

Fifteen of the Australian Falcones either do not vary geo- 
graphically, or have only insignificant clinal variation. This 
results largely from the mobility that goes with large size and 
the strongly developed nomadic tendencies of most species. 

Of those that do vary geographically, one species Falco hrri- 
gora, does so to a marked degree. It is improbable, however, that 
any of its forms are true isolates today (Condon, 1951a). 

Distinctive southern and northern forms occur in four species 
with evidence in at least one {Accipiter fasciatiis), and jiossibly 
others {A. cirrliocephalus, Falco longipcunis, Pandion haliactus) , 
that this state of affairs has been built up by invasion of the 
continent from the north taking place in Dvo waves. In Accipitcr 
fasciatus these consecutive arrivals are now connected by a 
stepped dine (Condon and Amadou, 1954). 

Aquila audax and possibly Accipitcr novaehollandiae, show 
some evidence of interruption to gene flow across Bass Strait. 
The northwestern stock of Aviceda siibcristata and the south- 
western population of Falco peregrinus, each of which has differ- 
entiated to some extent, are apparently isolated. 

Although there is evidence in a few species of minor isolation 
and range thinning, there would not appear to be any species 
being formed in the Australian hawks today. In the island section 
to the east of Wallace’s Line, by contrast, the Australian species 
are broken up into about 43 morphologically differentiated iso- 
lates. This is exclusive of the variation occurring to the west 
of the Line in cosmopolitan, or Afro-Asian, species such as 
Milvus migrans, Haliastiir indus, Falco peregrinus, and Pandion 
haliaetus. 
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Order GRESSOEES 

Families ARDEIDAE, THRESKIORNITIIIDAE, 
CICONIIDAE 
(Herons, Spoonbills, Ibises) 

The 19 species that make up the Australian members of this 
order may be divided up as follows : — swamp bitterns, 2 ; man- 
grove bitterns, 1 ; egrets, 3 ; night herons, 1 ; stream and swamp 
herons, 4 ; reef herons, 1 ; estuarine herons, 1 ; spoonbills, 2 ; ibises, 
3 ; storks, 1. All of these extend beyond Australia and a few be- 
long to widespread superspecies. The majority of the forms are 
predominantly swamp feeders but the herons hunt in the open 
fields, fringes of streams, and tidal flats as well. One species is 
confined to mangroves and a second is exclusively a reef feeder. 

The Australian Gressores almost all have a Vvflde range on the 
continent and typically are nomads, moving around with seasonal 
conditions. Breeding areas vary somewhat from year to year, 
depending on water levels on individual marshes and streams 
(H. J. Frith, personal communication). 

A couple of species, however, are seaside feeders, and exhibit 
little seasonal movement. These are the Mangrove Heron, 
Butorides striata, and the Reef Heron. Vemigretta sacra. 

Speciation 

None of the members of this group vary geographically except 
(a) Threskiornis mohicca, that apparently shows a slight south- 
north size dine, and (b) Butorides striatus, that has no fewer 
than five differentiated isolates (Mayr, 1943). Under eircum- 
stances of insular isolation in the southwest Pacific, by contrast, 
Nycticorax caledonicus has 2 distinctive isolates, Dupetor ftavi- 
collis at least 2, and Butorides striatus 4. 

The Australian isolates of B. striatus occur as follows: (a) 
Shark Bay (unnamed form), (b) Ashburton River to Point 
Cloates {rogersi)j (c) King Sound (cinereus), (d) Northern 
Territory and Melville Island (stagnatilis), (e) Cooktomi area 
(littleri)y and (f) New South Wales {macrorhynchus) . These 
forms differ markedlj" in colour and size and one of them {rogersi) 
was long considered a distinct species, Mayr stresses the fact 
that the western and eastern groups are distinct, and suggests 
that they may have originated as a double invasion. 

The pattern of isolation and differentiation in B. striatus, set 
out in Figure 8, is similar to that seen in some other mangrove 
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birds (see Section IX). 

Demigrctta sacra has a similar distribution to Butorides stri- 
atus but does not vary geographically in Australia. It is a 




Fig. 8. Upper: Isolation and differentiation in the mangrove bittern 
{Butorides striatus). There is a chain of distinctive isolates along the 
western, northern, and eastern coasts (indicated by spotted areas and 
numbers). Eange gaps correspond to areas where the appropriate habitat 
is apparently lacking. 

Lower: Distribution of species and forms in the Malurus cyaneus — 
melanotus — splendens group of the blue wrens (see cross-hatched areas in 
lower half of map). The four major forms shown, though isolated from 
each other, are so distinct that (with the possible exception of If. melanotus 
and M. callainus) they must be regarded as (taxonomic) species. The 
habitats differ markedly, Jf. cyaneus inhabiting sclerophyll forest and 
thickets in savannah woodlands, M. melanotus, mallee, If. callainus, spinifex 
desert, and If. splendens, sclerophyll and dry scrubs. 

M. cyaneus has isolated insular races on the Bass Strait islands and 
Tasmania. “ H ” refers to a minor zone of intergradation. The small letters, 
“a'’, “b’^, and “c’^ refer to races of M. cyaneus. 
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relatively ‘‘conservative” species, with only one morphologically 
differentiated isolate in the whole of the Pacific. 

Order ANSERES 
Family ANATFDAE 
(Ducks) 

There are 19 Australian species, many of them endemics. The 
fauna includes a number of curious monotypic genera such as 
the Black Swan {Chcopis strata), the Pied Goose {Auscrayias 
semipalmata) , the Cape Barren Goose (Cereopsis novaehol- 
landae), the Pink-eared Duck {Malacorhynchus memhranaceiis) , 
Freckled Dnek {Stictonetta naevosa), and ]\Iusk Duck {Biziura 
lohafa). By contrast, others are representatives of near cosmo- 
politan groups: teals, shovellers, and tree ducks. 

The various members of the family are typically swamp and 
river forms, a few being animal feeders, but most are herbivorous 
or have a mixed diet. There are no true sea ducks in Australia. 

IMost species have a wide range. Some four are essentially 
southern, and three are confined to the tropical north. Only one 
species, Cereopsis novaehollandiae, has a really restricted range — 
the islands off the southern coast. 

The most striking feature of the Australian Anatidae is the 
great mobility of most species. The Australian bird literature 
has many references to ducks arriving in various districts follow- 
ing heavy rain, remaining for a while and, with the drying u]) 
of the surface water, disappearing again. Keceiit banding work 
on one species, the teal Anas gihherifrons, has proven that indi- 
viduals move seasonally between the north and south of the con- 
tinent (e.g. Darwin — Perth, Darwin — southern New South 
Wales). The amiilitude of movement of at least two other species 
(Malacorhynchus memhranaceus. Anas siiperciliosa) is undoubt- 
edly equally great. 

The areas in which most duck siiecies concentrate to breed vary 
somewbat from year to year but there is regular breeding both in 
southeast and southwest Australia (II. J. Frith, personal (*om- 
munication) . 

Speciation 

The distinctive small teals, Anas gihherifrons and A. eastanca, 
at one time considered to belong to the same species (Ripley, 
1942) but now known to coexist over a wide area, represent the 
only ease in which the circumstances of past speciation can be 
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soon. The two apparently ori.Lrinated as a double invasion of the 
eontinent from the north, witli ,1. rcfstancn beiii" tlie older in- 
habitant. 

Geographic variation is negligible in the Australian Anatidae. 

Ill contrast with the situation on the continent, a number of 
Australian ducks show well marked dilferentiation in the island 
archipelagos to the north. Thus, Dvndrocygna arcuafa has at 
least one morphologically ditferentiate<l isolate, A supcrciliosn, 
one, and Anas ffihl)crifro7is, one. 

Older OALLI 
Family RALLIDAE 
(Rails and Water-hens) 

Of the 14 species occurring in Australia, three extend through 
from the Palaearctie region (Porzana pusilla, FuJica atra, Por- 
phyria porphyrin) . A few others belong to cosmopolitan snper- 
species (e.g. GnUinula tcuchrosa) . Two species have a wide range 
through the Pacific {Ilypotacnidia phdippcnsisy PolioUmnas cin- 
crcns). Of the remainder, three species occur also in New Guinea 
and adjacent islands and/or New Zealand {Pall ns pccfot'aUs, 
PalUna tricolor, Porzana tahucnsis, pins Porphyria porphyria 
mentioned above). Four s})ecies are restricted to Australia {FjU- 
lahcornis castancornifris, Porzana fluminca, Amaurornis I'nfi- 
crissns, Trihonyx v( niraUs) , and one {Trihony.r morficri) to 
Tasmania. 

With the exception of the northern PaUina tricolor, inhabiting 
undergrowth and thickets near tropical stivams, and Eidatjrornis 
castancovcntris and Potiolimnas cincrcns, living in mangroves 
(also in the noi-th), the Australian Rallidae are swam]) and marsh 
species. 

Speciation 

Nine of the Australian Rallidae either do not vary geograph- 
ically or have only minor clinal variation. Of these, four have a 
relatively restricted range (north of the eontinent or on Tas- 
mania only). The others are either highly nomadic (e.g. Fnlica 
atra), or at least nomadic over part of the range {Trihonyx 
ventralis). 

The most marked isolation and dilferentiation occurs in Por- 
phyria porphyria, the southwestern form of which (hcUus) is 
highly distinct, the dkismanian isolate (Jtf tchcrar) somewhat less 
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SO. r. porphyrio is a sedentary species. The southwestern popu- 
lations of Porzana fliiminea, Gallinula tenehrosa and Rallvs 
philippensis are apparently isolates, as are the Tasmanian popu- 
lations of liallus pcctoralis and Porzana tahiienfiis. The distinc- 
tive endemic rail of Tasmania, Trihoriyjc morticri, may represent 
an early isolate of T. ventralis-iype stock, though a fossil rail 
from southern Queensland (T. effluxns Devis (1892) ; see Condon, 
1954, p. 23) could indicate that it is derived from a heavier-bodied 
stock now extinct on the mainland. Eulahcornis castancoventris 
has a morphologically differentiated isolate in the Am Islands 
In contrast with the minor amount of isolation and speciation 
within Australia, several of the rail species have a large number 
of distinctive isolates beyond the continent. Rallus philippensis 
has a total of 18 differentiating isolates in the section to the east 
of Wallace’s Line (including New Zealand, New Caledonia, and 
Macquarie Island — Peters, 1934, p. 164), Porphyrio porphyrio 
about 8 (in New Zealand, the Chathams, Lord Howe Island, 
various Pacific islands), Avhilst Porzana tabuensis has them in 
New Zealand, New Caledonia, Fiji, and elsewhere. The capacity 
of the short-winged rails for colonizing oceanic islands is well 
known. Here they typically occupy grass thickets and under- 
growth, not marshes. 



Order GRUES 
Family TURNICIDAE 
(Bustard-quails) 

The Turniciuae and Pedionominae, respectively, contain six 
and one species. One member of the former extends to New 
Guinea and beyond, and another to New Caledonia. 

All are swift-running, swift-fl^dng, ground-living birds, partly 
seed-eating but also taking insects, and requiring long grass and 
herbage for protection. The various species are specialized for 
life on the open plain, rocky hillsides, swampy ground, forests 
and dense scrub. 

The various species of Turnix vary in bill form, some having 
slim, others heavy graminivorous-type, beaks. This situation is 
reflected in Amytornis. 



Speciation 

Only two forms show any speciation trends in Australia : the 
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stationary Turnix raria and Turnix cafftanota. The former, in- 
habiting sclerophyll forest (and malice), is a eoastal form of 
the east and south. It has isolates, none of them very well dif- 
ferentiated, in Tasmania, the southwest corner of the continent, 
and on the Ahrolhos Islands. Turnix castanota, a savannah 
woodland inhabitant of the northwest of the continent, has a 
distinctive isolate (approaching the extent of differentiation 
typical of a species) on Cape York (oHvci). 

The remaining species either do not vary geographically or 
show only clinal variation. Most, however, are either nomadic 
(e.g. T. velox), or else have only a restricted range {T. melano- 
gastcVy Pedionomus torquatus). 

There could be a degree of isolation, past or continuing, be 
tween the northwestern and eastern forms of Turnix pyrrho- 
fhornx. 



Order COLUIMBAE 
Family COLUMBIDAE 
(Pigeons and Doves) 

The Australian pigeon and dove fauna totals 22 species, two- 
thirds of them endemic. Chalcophaps indica chrysochlora, how- 
ever, is the end member of a chain of forms extending through 
from India and thence east to the New Hebrides. Gcopelia 
striata extends from Malaya to Australia. Pfilinoj^us rcyina and 
P. (cincta). alligator stem from the islands to the northwest of 
the continent (e.g. Timor) and the parental stock of the endemic 
eastern Maxropygia phasianclla apparently also entered the con- 
tinent from that sector (j\Iayr, 1944b). Ptilinopus supcrhus, 
Mcgaloprepia magnifica, and Ducula spiloi'rhoa are fairly recent 
immigrants from New Guinea, whilst the parental stock of the 
endemic Coliimha norfolciensis must have also entered from the 
northeast. 

Within the Australian continent today the pigeon-dove fauna 
falls into a large number of morphologically and ecologically 
distinctive types. The fruit pigeons are as highly coloured as the 
interior ground dwellers are plain. 

The various species may be grouped ecologically as follows : — 

(a) Rain forest forms. Arboreal fruit and berry 
eaters, 8 species. 

Forest floor species, 2 species. 

(b) Ground feeding form of the coastal under- 
growth (southern), 1 species. 
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(c) Small arboreal cloves ’svhii'h feed on the ground 
mid have a northern or inland range, 8 species. 

(d) Pigeons of the interior grasslands and desert 

o species. 

(e) Rock Pigeons, requiring rocky outcrops, 2 or 

8 species. 

The eastern rain forests have a dense fauna, as has the plains 
country of the inland. The rock iiigeons inhabiting areas of 
rocky outcrops, are interior and nortlnvestern in distribution. 

Only tivo species occur in the soutlnvest corner of the continent 
and in Tasmania (Phaps elegans and P. chalcoptera) . 

Speciation 

The circumstances of origin of most endemic genera and species 
cannot now be seen. Some sjieeiatioii is, hoM^ever, occurring 
today. 

The large rain forest fruit pigeon, Mcgaloprepia magnifica, has 
morphologically differentiated isolates corresponding to each of 
the three main tracts of rain forest: northern Xew South Wales- 
southern Queensland, Cairns-Atherton, and Cape York. Those 
inhabiting the last-named district arc obviously recent arrivals 
from New Cuinea. Ptilinopus regina and Clialcophaps indica, 
inhabiting monsoon forests and coastal scrubs in the Northern 
Territory and rain forests in the east, are differentiated into 
distinctive eastern and northwestern isolates. Ptilinopus alli- 
gator, known only from the Alligator River, is a distinctive 
derivative of the Timor-Sumba species, Ptilinopus cincta. 

Amongst the savannah Avoodland-grassland species, Gcophaps 
script a and G. smith ii, inhabiting Arnhem Land and Cape York- 
eastern Australia, respectively, have developed specific dif- 
ferences. The small doves, Gcopelia striata and G. hiemeralis, and 
the crested pigeon, Ocyphaps lophotes, have undergone differenti- 
ation in the savannah tract in the llamersley area of Western 
Australia. G. striata and G. humetmlis have developed morpho- 
logically distinct isolates in the savannah area of southern New 
Guinea. G. striata has a hybrid zone in northwestern Australia. 

The rock pigeons of central and northwestern Australia require 
a eorabination of rocky outcrops, spinifex, and surface water 
(Mayr, 1981) — an exceptional habitat. They are broken up 
into morphologically differentiated isolates to a surprising ex- 
tent. Lophophaps plumifera has no fewer than 3-4 (see figure 
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in ^layr, distributed as follows: (a) Midwestern Aiis- 

fcra) (tliis form (*xtends across the eontinent to western Qneens- 
distriet, at month of the Fitzroy Itiver {mungi) ; (e) West 
Kimberleys (midtile Fitzroy and Margaret Rivers) {projcima) ; 
(d) Middle Victoria River and Eastern Kimberleys {plu}}ti- 
fcm) (this form extends across the continent to western Qinn'iis- 
land) ; (e) Central Australia {Icucogaster) , 

These forms are apparent!}’ isolated from each other, the 
barriers separating them (sand plains) being terrain deficient in 
the basic requirements. 

The genus P( irophassa contains two distinctive forms, alhi- 
pcnnis and rufipcnnis, respectively isolated in the rugged gorges 
of the Kimberleys and Alligator River section of Arnhem Land. 
They are approaching, or have reached, that degree of differ- 
entiation typical of species. 

In contrast to the above cases, there are several Australian 
Coliimbae that either do not vary geogra])hically or else have 
only minor size or colour elines. These include: (a) Phaps 
dcgans, an inhabitant of the southern and southeastern coastal 
fringe that has unditferentiated isolated populations in Tas- 
mania and southwestern Australia. The poi)ulation of Lcuco- 
sarcia mclanolc uca isolated in the Cairns rain forest may also 
prove to be undifferentiated, (b) P. chalcoptcra, a large pigeon 
with a continent-wide range and that is essentially sedentary 
(and hence might be expected to vary), (c) A couple of eastern 
rain forest nomads (e.g. Colmnha )iorfoIci< nsis) , a highly no- 
madic interior species {II idrio phaps histvionica) , and a no- 
madic inhabitant of the northern coastal fringe {Ducnla spi- 
lorrhoa ) . 

Species with mori)hologieally differentiated isolates beyond 
Australia are: Chalcophaps indica, 4 (plus an additional 4 
to the west of Wallace’s Line); Ptilinopiis regiJia, 2-8; Mcga- 
loprcpia magnifica, 8; DucuJa spilon-hoa, 1 ; Gropelia striata, 8. 

Order P8ITTAC1 
Family PSITTACIDAE 
(Parrots) 

The Australian parrot fauna numbers about 50 siiecies and, 
with the exception of half a dozen species obviously of northern 
origin (e.g. Trichoglossus mol iiccauus, Opopsitia diophthalma, 
Prohoscig( r atcrri)}nis, La)-ins roratus), is completely endemic. 
Radiation has l)een marked in all the l)asic ecological types. 
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These include: (a) somewhat generalized seed-eaters, inhabiting 
the wide areas of the continent covered by grassland savannah, 
(b) large heavy -billed cockatoos, that either eat the larger 
seeds and nuts, dig for roots, or else strip the bark from trees 
in search of wood-boring grubs, and (e) small, nectar-feeding 
lorikeets that exploit the large blossoms of the dominant Euca- 
lyptus, Grevillca, and Banksia trees. 




Fig. 9. The influence of nomadism on geograifliic variation. AlclopsittacKa 
undulatus, the domesticated budgerigah or ‘ ^ parrakeet, ” is t^'pical of the 
many interior species that are highly nomadic and breed wherever conditions 
are propitious. In none of the species with this form of seasonal behaviour 
does geographic variation or speciation occur. 

The family Psittacidae is represented b.y species in all the 
major vegetation formations excepting mangroves and swamps. 
The majority of species are sedentary but nomadism is well 
developed in some of the inland grass-feeders, e.g. Lcptolophii^ 
hollandicus and Melopsittaciis undulatus (Pig. 9), and in many 
of the nectar feeders {Trichoylossus and Glossopsitta) that 
seasonally follow the flowering of the trees. 
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Speeiation in Some Major Genera 

As the various genera present a complicated variety of 
speeiation situations they can best be reviewed individually. 

Opopsitta: 0. diophtlialma, a rain forest fig-feeder, has three 
distinctive isolates confined, respectively, to the three major 
tracts of rain forest occurring in Australia (Fig. 10). Those 
populations inhabiting the two more southern tracts (eoxeni, 
leadbeateri) have obviously been isolated for a considerable 
period of time for they are approaching the degree of differenti- 
ation typical of species. That inhabiting Cape York (marshalU), 
however, is presumably a recent immigrant for it is only doubt- 
fully distinguishable from that inhabiting the Aru Islands. 

Platycercus: The various species fall into two superspecies: 
elegans-flaveolus-calcdonicus (Fig. 11), and e ximius -icier ot is - 
adscitus-venustus (Fig. 12). 

The r. elegans group is fundamentally an inhabitant of the 
eastern coastal rain forests and mountain sclerophyll forests. 
In the Murray basin, however, in association with the develop- 
ment of morphological differences, one stock (flaveolus) has 
secondarily become adapted to inland riverside savannahs. Mem- 
bers of the P. cximius group inhabit savannah woodland and 
sclerophyll forest. They have much the wider range, with 
southwestern and northwestern representatives. 

In P. elegans there is a distinctive isolate in the Cairns rain 
forest {nigrescens) , and a Tasmanian isolate that is so dis- 
tinctive that it is regarded as a species (P. caledonicus) . The 
form inhabiting Kangaroo Island, at the western extremity of 
range, is similar to that of Victoria, but extending inland from 
the adjacent mainland is a chain of distinctive forms in which 
the dominant red pigment is gradually replaced by yellow 
(Condon 1941; Cain 1955). The forms, former isolates (?), are 
apparently connected by hybrid zones today. The end member 
{Jlavcoliis), the most distinct, extends practical!}" the entire 
length of the Murray. Towards the headwaters, however, it 
makes contact with typical P. elegans without interbreeding 
(Pig. 11). The situation thus is one of speeiation by circle 
formation, the individual links of which are interfertile but the 
end members are not.^ This is the only case of this type in 
Australian birds (Cain, 1955). 

In the P. eximms group, inhabiting savannah woodland and 
sclerophyll forest there are major forms in the southeast (P. 



1 One hybrid bird has since been found in the overlap area. 
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eximins), southwest (/^ ictcrotis), northeast (P. adseitus), and 
northwest (P. vcnustus) of the continent, respectively (Fig. 




O.d. 

leadbeateri 



0. d. coxeni 



OPOPSITTA 

OIOPHTHALMA 



Fig. 10. Isolation and speciation in the rain forest fig-parrot, Opopsitta 
(liophihd'ina. There is a distinctive form corresponding to each of the 
three major rain forest tracts in Australia. 

Note differences in bill size and in the distribution of the red (spotted) 
and blue (black) areas on the head. 

Rain forest species are often represented by distinctive forms in eacli of 
rlie tliree large tracts (New Wouth Wales — southern Queensland, Cairns 
Atherton and Cape York). 
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12). They obviously originated in these sections and from 
there spread out into the ranges the,y occupy today. Isolation 
remains com})lete in all instances except l)etween P. adscitus 
and P. eximius wliere there is an area of overlap, in which some 
hybridization occurs. These major forms are so distinct mor- 
phologically that they can only be called species, although 
further study of the relationship of P. eximius and P. adscitus 
is required. 



PLATYCERCUS ELEGANS 




Fig. 1 1. 1.solatioti niul speeiatioii T)y “cirde formation” in rosella parrots 
of tlie Plalyecrcus cUgans .superspecics. Distinctive isolates occur in the 
C'airns-Atherton rain forests {clegans nigrescois) aiul on Tasmania (cale- 
donicus). These are indicated hy “la” and “3” on the map, respectively. 
P. elegans proper (lb) e.xtends through the sclei-ophyll forests of the eastern 
coastal strip. In southeastern South Australia, however, it is genetically 
connected, through a chain of interfertilo forms (e.g. P. e. adeJaidae — ‘ ‘ Ic ” ' 
and hybrid zones, with flavcolus inhalntiug the riverside savannahs of the 
Murray-lMurrumbidgee River system (“2”). Towards the headwaters of 
these streams flavcolus and elegans make contact without interbreeding. 

Within the four species, minor isolates occur oii Tasmania 
I P. eximius dicmencusis) and, currently or formerly, in various 
parts of coastal (Queensland (e.g. Tape York, Cairns-Atherton 
area, Bowen area ) in P. adscitus. 
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BarnarcUus: Speeiation is also marked in this genus. As 
suggested by the map of Gentilli (1949), it is probable that 
B. zonarius originated in the southwest and B. harnardi iu the 
east of the continent, respectively, at a time of greater aridity 
than today. Subsequently, B. zonarius has been able to extend 
to the east, crossing the Nullarbor Plain. Cain (1955) indicates 
that hybridization between the two occurs today in the vicinity 
of the Flinders Range. 




Fig. 12. Isolation and speeiation in the Platycercus eximius group of 
savannah woodland — sclerophyll forest rosella parrots. Geographieally- 
representative forms, so distinctive that they are called species, occur in 
the northwest, northeast, southeast, and southwest of the continent, respec- 
tively. Secondary range contact and some hybridization (“IP’) occur be- 
tween P. adscitus and P. eximius today. The status of these forms requires 
further investigation. 

P. eximius has a minor insular isolate on Tasmania. 

The most interesting feature of Barnardiiis is that a series 
of distinctive isolates have developed in the various river sys- 
tems in different parts of the continent. There are such forms 
centred on the group of rivers entering the head of the Gulf 
of Carpentaria in the north (h. macgillivrayi) , the Hamersley 
(mid-western) watershed {z. occidcntalis) , the Murchison River 
{z. connectens), the southwest (z. semitorquatus) , the streams 
arising in the Maedonells in central Australia (z. myrtae), and 
the Murray-Darling system (h. harnardi). The distribution 
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of the group is essentially a '‘refuge” one. 

Pscphotus: This genus of 5 to 6 species falls into three species 
groups, representing earlier and later phases of radiation and 
special ion. These, and the vegetation formations they now 
occupy, are as follows: (a) P. liacDiatogaster (with 5 subspecies, 
a couple of which are undoubtedly isolates), southern inland 
Australia (areas of savannah grassland, rnallee, and niulga) ; 

(b) P. haematonotus (little geographic variation), inhabiting 
the temperate savannah woodland of southeastern Australia ; 

(c) P. varius (savannah grassland and mulga), and the P. 
chrysoptcrygius superspecies (tropical savannah -woodland 
mainly), including P. c. chrysopterygius on Cape York, P. c. 
dissimilis (Arnhem Land), and P. pidcherrimus (central and 
southern Queensland). 

Speciation is actively occurring in the P. varius-chrysoptery- 
gius group, several isolates of which have reached the stage of 
morphological distinctness typical of species. The group has 
essentially a “refuge-type” distribution and the distribution 
of forms corresponds closely to that in the Platycercus eximins 
and other groups. These are : southeast of continent, in this 
case the Murray-Murrumbidgee system mainly {P. varius ori- 
entails), southwest {v. varius), Arnhem Land {clirysopt cry gins 
dissimilis) , Cape York (r. chrysoptcrygius), and eastern Queens- 
land (pidcherrimus) — see distribution map in Cain (1955, Fig. 
13). Of these v. varius has spread outward to central Australia 
and the Hamersleys. 

Pscphotus demonstrates a common phenomenon in Australian 
birds (vide Climactcris, PlaUjccrus) , namely, that Avhere mem- 
bers of a genus live in close proximity to each other over an 
extensive area (including occupying adjacent habitats), they 
typically belong to different species groups. Alternatively, ex- 
pressed, vjithin each species group the members tend to be 
geographically representative, or else geographic overlap is only 
partial (more recent). The different rates at which differentia- 
tion and speciation may occur from one species group to an- 
other is also seen in Pscphotus, in one group (P. haematonotus) 
there being no geographic variation, whereas in the others it is 
well advanced. 

Neophema: Again there are three species groups, represent- 
ing an earlier stage of radiation and speciation, plus a series of 
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more recent forms. The species groups are: (a) X. hourki (in- 
habiting the arid interior, mainly mulga desert), (b) X. cliry- 
sogastcr — chrysostomus — clegans — pctrophila (southern river- 
side savannah woodland and dry sclerophyll forest, mostly), 
and (c) X. pulchcUa-splcndida (southern dry sclerophyll-savan- 
nah woodland, and desert scrub, respectively). 

It is M’ithin the second species group that much speciation 
has taken place. X. cJirysogcistcr is fundamentally Tasmanian, 
though it now coexists until other members of the species on the 
mainland, and X. elegans probably originated in the southwest, 
it too occurs now in the southeast. X. pctrophila, confined to 
the rocky coastline and offshore islands of the southwest and 
south, has the most unusual habitat and breeds in rocky crevices, 
not in trees. X . chrysostoma possibly originated in the interior 
(especially in the mallee areas) of the southeast. X. pulchclla 
and X. splcudida, making up the third group, isolated in the 
southeast and east and in the desert areas of southern Australia, 
I'cspectively, also occupy dissimilar habitats. 

Speciation in the Psittacidae, Summarized 

Within the 32 members of this group covered, there are two 
instances of secondary range overlap b.y recently evolved 
s})ecies : the contact between Xcoplicnia chrysostomus and X. 
chgaus, and the contact between the former and X. chrysogastcr 
ill southeastern Australia. In riatyccrcus cJcgans-jiavcolus the 
end memliers of a chain of interfertile forms meet unthout inter- 
breeding. 

Isolates that have reached, or are apiiroaching, that stage 
of morphological differentiation typical of genetic species occur 
as follows: Opopsitta (2), Plafycercus (3), Psophotas (about 
3), Xcophana (about 2). There are some 13 moridiologically 
differentiated isolates of lesser degree. 

Hybrid zones occur between Platyccrcus eximius and P. adsci- 
tus and between Barnardius zonarins and B. hornardi. 

The only parrots that do not vary at least somewhat geo- 
graphically are nomads and those with restricted ranges. Melop- 
sittacus undulatus and Lcptolophus hoUaudicus, the first rang- 
ing widely over the continent (see Fig. 9), are examples of 
the former, (dines occur in continuously ranging species, e.g. 
K a katoc rose leap ilia. 

iMost siiecies are confined to the continent and hence isolation 
and siieciation is intra-continental. A couple of New (luinea 
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sjiocios, however, have iindiffereiitiatcd isolates ou Ca])e York, 
e.g:., Larins roratus and Gcoffroyiis gcoffroyi. There is an inter- 
esting tendency in several parrot genera for river s.ysteins to 
act as refuges and for differentiation to occur within them. 

Order COIiACIAE 

Families C^OriACIIDAE, ALCEDINIDAE, MEKOPTDAE 
(Rollers, Kingfishers, Bee-Eaters) 

Only one roller {Eurystoiiius) and one bee-eater {M crops) 
occur in Australia, and both are south-north migrants, wintering 
in the islands to the north of the continent. 

The Australian kingfishers number ten species and range from 
small four-inch long river kingfishers {AJcyo7ie) to large forest 
kingfishers (Dacclo) a foot in length. The majority of species 
have had a northern origin but four are Australian. 

Most are sedentary but south-north migration occurs in 
Halcyon sancfa, II. niaclcayi, and Tanysiptcra sylvia. The only 
true inland form. II. pyrrhopyyia, is nomadic. 

The various species fall into several well defined groups : — 

Alcyone (2 species), short-tailed diving forms; Dacelo (2) 
large forest forms and true endemics; Halcyon-Syma (5), forest 
and mangrove inhabitants, three of which are certainly recent 
immigrants with two {II. chloris and II. (aust^'alasiac) sancta) 
belonging to widely ranging Asio-Paeific species groups; Tany- 
siptcra (1), long-tailed tropical kingfishers of New (iuinea 
origin. 

Speciation 

Neither the roller, Kurystomus orientalise nor the bee-eater 
{Mcrops ornatus) varies geographially in Australia. 

Speciation in the kingfishers is limited to a series of isolates, 
as follows; (a) Dacelo Icacliii, inhabiting the northern savannah 
woodlands (isolates in the Gascoyne — De Grey segment of 
northwestern Australia), (b) Hynia torotoro and Tanysiptcra 
sylvia, restricted to Cape York, which populations are differ- 
entiated from the parental New Guinea species; (c) Alcyone 
aznrea and Halcyon niaclcayi, river and savannah woodland 
species, respectively, differentiated into Arnhem Land and 
eastern forms. There is also a fair measure of isolation between 
the Australian and New Guinea forms in Alcyone aznrea. 
Halcyon niaclcayi, and Alcyone pusilla. The small Gaj)e A ork 
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form (minor) of Dacelo novaeguineae, an eastern and southern 
sclerophyll forest -savannah woodland species, almost certainly 
developed in isolation. The Tasmanian and Mount Lofty popu- 
lations of Alcyone aznrca are undifferentiated isolates. 

A hybrid zone occurs \n Alcyone imsilla in the Gulf of Car- 
pentaria-Cape York area. 

Size and colour dines occur in several species. In Dacelo 
leachii the Torres Strait barrier has led to a reversal of the 
species south-north size dine, the New Guinea population having 
a longer wing than the one on the adjacent mainland. 

The nomad Halcyon pyrrhopygia and the migrant 27. sancta 
have only negligible variation in Australia. 

Beyond Australia, Halcyon cliloris has some 40 morphologi- 
cally dift'ereutiated isolates in a range from Africa to Polynesia. 
77. anstraJasiac, of which 77. sancta is a derivative, has a dozen 
or more. Alcyone and Syma have various forms in New Guinea. 

Order PASSEEES 

Famili(‘s MENUPJDAE AND ATRICHOPNITIITDAE 
(Lyrebirds and Scrub-birds) 

The lyrebirds (Meniira), large, ground-living, long-tailed for- 
est inhabitants fall into two species, one inhabiting the Mac- 
pherson Range, and the other the coastal forests of the east and 
southeast. The equally unique scrub-birds (Atrichornis) , re- 
quiring dense undergrowth, are confined to eastern Australia 
(A. riifescens) and southwestern Australia (A. clamosiis) — 
see map in Chisholm (1951). 

All members of the group are sedentary species. 

Speciation 

Atrichornis falls into the common pattern of an evolving 
group being severed into an eastern and a soutlnvestern com- 
ponent, the latter, A. clamosus, which has become extinct since 
settlement, being very distinct. 

Meoiura alherti, the only bird species to be confined to the 
Maepherson Range rain forests, probably originated there for 
the area is obviously a refuge of long standing. 47. novaehol- 
landiae has presumably secondarily spread from the south, for 
it now reaches southern Queensland. It has, moreover, given 
rise to a distinct ( ? isolated) form (edwardi) in the Stanthorpe 
granite belt. 
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Family CAMPEPHAGIDAE 
(Cnckoo-Shrikes) 

The eight species that constitute the Australian Campepha- 
gidae include both older endemic forms and recent colonizers. 
The most interesting of the former is Ptcropodocys maxima, a 
ground-feeding species of the dry interior, which is partly 
nomadic. Most species, by contrast, occupy a somewhat gen- 
eralized food niche — the larger insects of the branches and 
foliage. 

The endemic Coracina rohusta of southern Australia and its 
“advanced” northern counterpart {C. papucnsis), that lacks 
the immature plumage phase, obviously represent two distinct 
invasions from the north. C. novaehollandiae, the Australian 
populations of which are the end members of a chain of forms 
extending from India through Indonesia, has had a long period 
in Australia for it is broken up into several distinct forms here 
and has secondarily colonized New Caledonia to give rise to a 
new species there, 0. caledonica. Lalage sucurii possibly orig- 
inated in Australia for the endemic race (tricolor) is unique in 
having an eclipse plumage (IMayr, 1940b) and is well adapted to 
the dryer parts of the continent. 

The remaining cuckoo-shrikes (Coracina lineata, C. tenuiro- 
stris, and Lalage Icucoynela) are fairly recent colonizers of the 
Australian continent from the north. 

Speciation 

]\Iorphologically differentiated isolates occur in the Australian 
Campephagidae, as follows : Coracina novaehollandiae, inhabit- 
ing sclerophyll forest and savannah, 2, possibly 3 (one well 
differentiated) ; C. papuensis, tropical savannah woodlands, 2, 
possibly 3, all minor forms; C. tenuirostris, sclerophyll and sa- 
vannah woodlands, 1 (probably), a minor form; and Lalage leu- 
comela, rain forest fringes and mangroves, 2 or 3. The total 
of 7-10 continental isolates contrasts with 35 in those species 
(C. papuensis, C. lineata, C. tenuirostris, and L. Icucomela) 
inhabiting an archipelago area in the southwest Pacific of equiv- 
alent size, and 48-49 for the whole island area east of Wallace’s 
Line. 

The ecological characteristics of this family relative to their 
tendency to undergo isolation and differentiation, have previ- 
ously been discussed (Keast, 1958 i). Geographic variation 
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tends to be absent or negligible in species occupying habitats 
that are broad as well as long (i.e. of an “inland” type), and 
that are continuous. It is suppressed in interior nomadic species, 
of which Lai age tricolor and Pteropodocgs maxima- are the main 
examples. South-north migrants, however, may vary geographic- 
ally and even have isolates, e.g. Coracina iiovachoUandiae and 
C. trnuirostris. 

Clines occur in various species. C. iiovachollandiac has, in 
addition to a south-north dine of decreasing wing length, one 
of increasing bill length. 

Family MU8CICAPIDAE 
Subfamily IMUSCTCAPINAE 
(Flycatchers, Fantails, and Whistlers) 

This subfamily is made up of a mixture of Australian and 
New Guinea elements. Thus, of the four species of Rhipidura, 
Icncophriis and possibly fuliginosa are Australian, and the other 
two are of tropical origin. The monotypic genus Scisura is 
Australian, whilst Pirzorhyuchns, Madia crirliynchns, drsr.<f, 
Monarcha, Uctcromyias, and Trcgcllasia, obviously originated 
in New Guinea or the adjacent islands. Myiagra, Blicrocca, and 
Pachycepliala, are well developed both in the tropics and in 
Australia. The robin-like Hyeatchers {Pctroica, Eopsaltria) are, 
by contrast, Australian, as are Falcnnculus and Orcoica in the 
Pachycephalini. 

The flycatchers are forest dwellers, with rain forest and 
sderophyll forest being richest in number of species. A few 
are south-north migrants. The movements are partial (restrieteil 
to some populations) in Rhipidura rufifrons, Myiagra ruhccula, 
Monarcha mclanopsia, and Pachyccphala rujlvcutris, and more 
general in Pctroica rodiuogastcr (from Tasmania) and Myiagra 
cyanoleuca. 

Speciation 

The various flycatcher species differ widely in the extent and 
significance of their geographic variation. There are some three 
cases of recently completed speciation, various well differenti- 
ated isolates, a variety of minor isolates, and a couple of minor 
hybrid zones. Several species have striking colour and size 
dines. Others, however, do not vary at all geograiihically. 
(a) Instances of Pecently Completed Speciation 

Pctroica rodinogadcr : This species is an insular (Tasmanian) 
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d(M*ivative of P. rosea. P. rodinogasicr, however, now migrates 
across Bass Strait to winter, and sometimes breeds, alono-sidr 
the Daiidenoiig Range popnlation of its parent. Tlie two l)eliave 
to one another as good speeies. 

Pctroica vittata: This is an insular (Tasmanian) isolate of 
P. cucullaia that, in dropping the pied male plumage of its par- 
ent form and reverting to a brown “henny” plumage, has 




PACHYCEPHALA RUFOGULARIS - 
INORNATA 

Fig. 13. Speciation in the Pachi/ccphala inornata — P. rnfogularis group 
of niallee thickheads, a suggested hypothesis. 

The distribution of species and races today are as shown in the final map 
with P. rnfogularis (see black ellipse) being confined to a restricted section 
in western Victoria. P. inornata is isolated into western {inornata inornata) 
and eastern (gilherii) races, indicated by light and heavy stippling, respec- 
tively. 

It would seem likely that a widely ranging parental form (map 1) became 
split and isolated in the western and eastern sections of the continent, 
respectively (maps 2 and 3), there to build up genetic differences (map 4). 
Subsequently, P. inornata colonized eastwards, to co-exist with P. rufogu- 
laris. More recently, in accordance Avith the severence of the malice habitat, 
the former has become broken up into eastern and western isolates. 

The hypotliesis pre.supposcs south-north shifts of the rainfall belts causing 
vegetational changes. 
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iiiulerj^one marked differentiation. It remains isolated, hoMever, 
though specific distinctness can certainly be assumed. 

Eopsaliria (jeorgiana and E. australis (race griseogularis) : 
Tliis is a case of speciation by double invasion into the forested 
corner of southwestern Australia, the former being the older stock. 

Pacliyccphala rufogularis: This species occupies a very re- 
stricted range in the Victorian mallee, where it coexists with the 
eastern form of its near relative, P. inorimta. There would seem 
to be little doubt that the two developed in the eastern and 
western mallee tracts, respectively, when the parental stock 
became severed into two (Fig. 13). P. inornata was subse- 
quently able to extend eastwards again to coexist with, and 
spread much wider than the essentially relict P. riifofularis. 
(b) Morphologically Differentiated Isolates 

Isolates so distinctive that they must be considered to be 
apj)roaching the degree of differentiation typical of species arc: 

(i) The Arnhem Land and Cape York populations of the 
monsoon forest robins, Poecilodryas superciliosa {cervinivnitris 
and superciliosa). 

(ii) The southwestern and southeastern impulations of the 
sclcrophyll savannah woodland robin, Eopsaltria australis (gri- 
scogularis and australis). 

(iii) The northwestern and northeastern forms of the man- 
grove whistler, Pachycephalia simplex (simple.r and penin- 
sulae). 

(iv) The northwestern, southeastern, and southwestern forms 
of the sclerophyll-savannah M’oodland shrike-tit, Ealcuueulus 
frontatus {whitei, froutatus, leucogaster) . 

The total number of morphologically differentiated isolates 
in the Muscicapinae will be seen from Table 5 to be 31-35. They 
occur in the following species, whose habitat is also given : 

Rhipiclura fuliginosa, various habitats, 4-5, one of which is 
well differentiated ; R. rufifrons, rain forest, 1, well differenti- 
ated; Rcisura inquicta, savannah woodland, 2, one major, one 
minor; Piezorhynchus alccto, mangroves and rain forest, 2, om* 
major, one minor; Myiagra ruhecula, sclerophyll forest, 1, 
minor; Machaerirhynchus Jlaviventer, rain forest, 1, minor; 
Monarcha trivirgata, rain forest, 1, major; Microeca leucophaea, 
savannah and sclerophyll, and 4/. flavigaster, tropical savannah 
woodland, 1 each, both minor; Pdroica multicolor, sclerophyll 
forest, 1, minor; Eopsaltria australis, sclerophyll forest and 
savannah, 2. one major, one minor; Poecilodryas superciliosa, 
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monsoon forest, 1, major form; Tregcllasia capita, rain forest, 
1, minor; rachyccphala pcctoralis, various habitats, 5-7, minor 
and major forms; P. inornata, mallee, 1, a minor form; 1\ 
lanioides, manoToves, 3, minor forms; P. simplex, mangroves, 1, 
major form; and Falcuncidus frontatus, sclerophyll and savan- 
nah woodland, 2, major forms. 

In addition to the above there are several eases of isolation 
without differentiation in the Muscicapinae, e.g. Pctroica chry- 
soptcra and P. multicolor in Tasmania. 




Fig. 14. rieograpliic variation in liabitat preference in tlie long tailed 
rtycatclier lihipiduva fiiUrpno.Ho. This species, with essentially a peripheral 
range, occupies different habitats in various parts of the continent. This 
form of ecological variation indicates how, simultaneously with the develop- 
ment of genetic and morphological characters, isolates can become s])ecialized 
for life in vegetation formations different from that occupied by the 
parental form. 

The numbers 1-9 on the map indicate races and isolates. The pairs of 
parallel lines represent distributional barriers (see Keast, 19o8a). 

Note the isolate (9) in the mountains of central Australia. 
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Wlipidnra fuUginosa (Fig. 14) and Pachyccphala pectoralin 
provide interesting examples of geographic variation in the 
vegetation formation occupied, coincident with the acquisition 
of geographic morphological differences. In different parts of 
the range they inhabit rain forest, sclerophyll forest, savannah 
woodland, mangroves (and in the case of the latter even mallee) 
^see Section XII. 

Colonization by New Guinea rainforest species across Torres 
Strait has been the main way in which new flycatchers have 
been added to the Australian avifauna, the group being best 
developed in the tropics. Various stages of differentiation from 
parental New Guinea stocks occur in Cape York in the different 
species. 

Three recent colonizers, confined to the northern tip of the 
Peninsula, have yet to differentiate; Monarcha f rater, Microcca 
griscoceps and Tregellasia Icucops. In Monarcha ti'ivirgaia, an 
immigrant New Guinea stock (alhivcnfris) occupies the northern 
part of this peninsula and a well-differentiated Australian form 
{gouldi) the southern part. They possibly meet and hjdiridize. 
In Machaerirhynchus flaviventer, the descendents of an earlier 
wave of colonization are now isolated in the Cairns-Atherton 
rain forests (secundits) and the later ones on northern Cape 
York (flaviventer) , In the genus Arsrs there is a similar situa- 
tion but in this case the earlier form is now so distinctive that, 
though still isolated, it must be regarded as having reached 
species status (A. kavpi). The later invader, A. tctcscopthal- 
mus, has itself now differentiated from the parental New Guinea 
stock (race lorealis). 

There has been some reverse colonization of the savannah 
woodland areas of southern New Guinea by Australian species, 
the following having given rise to distinct isolates there: Rlnpi- 
dura leucophrys (race melaleuca), and Microcca lcucopho<a 
(zimmeri). 

Hybrid zones do not occur in the flycatchers except for some 
minor ones in Pachyccphala pectoralis (Mayr, 1954a). 

There are no nomadic species amongst the Australian fly- 
catchers. Four species, however, have migratory populations 
in the southeast part of their range. This partial migration 
has not prohibited the development of geographic variation in 
these species, two of them having mori)hologieally differentiated 
isolates (lihipidHra rufifrons and Myiagra rnhrnda), and two 
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varying elinally {Pachyccphala rufivcntris and Monarcha 7ud- 
anopsis) . 

Size and colour dines are developed in most sedentary 
Australian tiycatdiers that have, on the one hand, an extensive 




RHIPIDURA 

LEUCOPHRYS 




Fig. 15. The influence of isolation on south-north dines of flecreasiug 
size. Bergmanii’s Rule has a wide application in Australian birds. In the 
continuously ranging lihipidura Icucophrijs southernmost and nortliernniost 
populations differ in size by 11 per cent. 

In Seitiuni inqiiieta, however, in which there is a gap in the range, the 
difference is 22 per cent (see Keast, 1958a). 

The letters a, b, and c indicate isolated populations of *S'. iiuiuieta. 
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south-north range and, on the other, range through areas of 
widely differing rainfall. Thus, size elines oeeur in RJiipidimi 
lcucoph)-ys, Pttvoica cueuUata, and Mijiagra nihccula. Scisiira 
inquieta (Fig. 15) provides an interesting denionstration of 
the elfeets of isolation on a south-north size eline. Southern- 
most and northernmost populations in this speeies differ in size 
by about 22 per cent, the range ga}) being in northeastern 
Queensland. In the comparable Rhipidiirci Icucophrys, in which 
the range is eoiitinuous, it amounts to only 11 per cent. 

Speciatioii and radiation in the islands of the southwest 
Pacific are taking place in three “Australian” flycatcher species 
(Table 5). These are: lihipklura nififro)is (Mayr and i\loyni- 
han, 1946), which has some 20 morphologically differentiated 
isolates, Pctroica multicolor (i\Iayr, 1934), with about 12, and 
Pachyccphala pcctoralis (Galbraith, 1956) with over 50. The 
last-named is the richest of all bird siiecies in number of races 
(]\Iayr, 1954a, p. 11). In addition to the above, the genus 
Pctroica has given rise to many island forms in the New Zealaml 
area (Fleming, 1950). 

Subfamily TIMALIINAE 
(Babblers) 

The seven members of the Tribe CTnclosomatini covered in 
the present review are all inhabitants of the heavily forested 
regions except for the arid-country Spheuostoma cristatiim and 
the inallee speeies Dry modes hrunniopyyia. 

Speciatioii 

Psophodes is composed of two speeies, one (/*. olivaccus) 
restricted to the rain forest and sclerophyll forest regions of the 
eastern seaboard and the other the “ecologieally-versatile” 
{P. nigrogularis) inhabitating the sclerophyll and mallee of 
the southwest, with an isolated relict race in the eastern mallee 
tract {Icucogastcr) . Keast (1958g, Figs. 1 and 2) has sug- 
gested a series of steps, associated with major climatic oscilla- 
tions, reflected also in Pachyccphala inornata-rufogularis, to 
exjilain speciatioii in the genus. These are: (a) a parental stock 
formerly ranging right along the southern seaboard; (b) isola- 
tion of the stock into eastern and western populations as the 
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result of eliinatie deteriorMtioii, aiul/or edapliic changes; (c) 
eeologieal and niori)li<)U)^ieal niodifieation of the western popula- 
tion, the result of its being more exposed to the harsh environ- 
ment; (d) eastward colonization of the western mallee-adapted 
form, now specifically distinct {P. nigrogularis) ; (e) isolation 
of P. nigrogularis into eastern and western forms as a result of 
the mallee becoming divided into two tracts. 

Psophodes is interesting in that it demonstrates a iiathway 
of adaptation from life in the luxurious coastal forests to that 
in the semi-arid mallee. There is evidence that the southwest has 
also given rise to dry-country forms in other bird groups. 

The genus Prymodcs has a surprising distribution, one species 
inhabiting the southern mallee and the second (basically a New 
Guinea one) the rain forests of Gape York. The latter has, more- 
over, a minor isolate some 400 miles to the west on the Roper 
River (colcloughi) , the oidj' bird sjiecies to have an outlyer 
confined to this section. The origin of this race, like the circum- 
stances of the original isolation of the species themselves, is 
obscure. 

Orthonyx is composed of two species, 0. temmiuekii and 0. 
spaldingii. The former has a surprising pattern of distribution, 
the rain forests of eastern Australia from the Illawarra dis- 
trict, New South Wales, to the Bunya Mountains, Queensland 
(with minor range gaps) and then reappearing, as a distinctive 
colour form, 1500 miles to the north in New Guinea. O. spal- 
dingii is confined to the Cairns-Atherton rain forest tract. 

The monotoyjnc Sphcnostoma crisiatuni shows only clinal vari- 
ation. 

Subfamily SlLYllNAE 
(Old World Warblers) 

The only Australian representatives of this Palaearctic sub- 
family (Mayr and Amadou, 1951) are Megalurus (2 species), 
Acroccphalus (1), and Cisticola (2). Acrocc phalus and Cisti- 
cola are Ethiopio-Palearctic genera. 

Speciation 

The swamp-dwelling Megalurus gramineus has minor isolates 
in Tasmania and in the southwestern corner of Western Au- 
stralia, but il/. timoriensis, despite an extensive peripheral 
range, does not vary geographically in Australia (Keast, 1956b). 
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Acroccphalus anindhiaccus has distinct western and eastern 
forms, Avhilst there is also possibly an isolate in the Kimberleys 
(i\Iayr, 1948). Cisticola is represented by tAvo species, both of 
which have a Avide extra-Australian ran<^e and are only second- 
arily Australian. One of these, C. exilis, has some four colour 
forms Avithin the continent and possibly fairly complete isola- 
tion as betAveen the populations inhabiting: the east and northAvest 
of the ranges (Lynes, 1930; Recast, uni)ublished). The other, 
0. juncidis, has isolated, differentiated populations in the Nor- 
manton and DarAvin areas respecti\^ely. 

Subfamily MALURINAE 
(Australian Warblers) 

In contrast Avith the Muscicapinae almost all the members of 
the Maluriiiae occurring- in Australia originated Avitliin the 
coniines of the continent. Those genera that are restricted to 
Australia are Epthianura, Avith its monotypic derivative Ash- 
byia (5 species), Acanthiza (10 species, plus one in the moun- 
tains of Ncav Guinea), Amyiornis (7 species), Midurus (7 
species, plus one in Ncav Guinea), Smicrornis (monotypic), 
Aphcloccphala (3 s])ecies), Pyrrholaemits (monotypic) Ilyla- 
cola (2 species), Cedamauthus (2 species), Cthonicola (mono- 
Oriyma (monotypic), PycnoptUus (monotypic), Cinclor- 
hamphus (2 species), Dasponiis (2 species), Stipitunis (2 
species), Acanthornia and Orcoscopus, the last tAvo monotypic 
derivatives of Scricornis. 

G cry gone (9 Australian species) and Scricornis (5 species) 
are ecpially develoiied in Xcav Guinea and Australia. The island, 
for its part, has several endemic genera that are close relati\’es 
of those occurring in Australia (e.g., Todopsis). 

The Australian Avarblers are all small, basically insectivorous, 
species. They inhabit either the foliage or ground and Ioav 
undergroAvth, Avith most genera being s])ecialized toA\-ard one or 
the other zone. Acunihiza and Pcricornis, hoAA-CA-cr, have repre- 
sentatives in both zones. Those that live in the undergroAvth 
are mostly characterized 1)V long uiiturned tails, e.g. M(durus, 
Amyfoniis, St i pit unis and, to a lesser extent, llylacola. The 
Australian Maliirinae total 62 species. 
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Speciation in tlie Major (Jenera 

A number of the Australian “sylviid” g:eii(‘ra jirovide exeel- 
leiit demonstrations of siieeiation within the confines of th<‘ 
continent. They ('an best lie considered individually. 




Fig. 1(5. Distinctive relict races of the chat, E pthianura croeea (mnnl>ors 
1-4 ami spotted areas on map) are isolated in river valleys 800-D00 miles 
apart. Distribution of this species, requiring? dense fjrouiid cover and sul)- 
marshy conditions, can only be e.xplaiiied by the north of the continent 
formerly having been wetter and i>roviding continuous, or near-continuous, 
habitat of the right type. 

The black elli])se indicati‘S the range of .Ishbtfiu lovt ihsi.'i, an inhabitant 
of the gibber deserts. Though fairly sedentary, its range is continuous and 
restricted. It does not vary gt-ograjihically. 

Epthianura alhifronti (see cross-hatched areas) is somewhat nomadic on 
the mainland (see A) and does not vary geograi)hically. Interruption t(» 
gene How by Bass 8trait, however, has led to the development of a minor 
insular isolate on Tasmania (B). 

K pthianura and Ashby ia: This "ronj), reviewed in detail else- 
where (Keast, 1958c), demonstrates the close link between the 
type of seasonal movements undertaken by species and their 
tendency to develop morithologically differentiated isolates. Of 
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tlic fiv(‘ s}) 0 ('i(‘.s, Epthkniuni crovia is inii(i\ie in being sedentary, 
widely ranging, and in having highly specialized liabitat re- 
(piirements. It has four isolated and well differentiated poi)ula- 
tions in riv(‘r valleys, respectively GOO, 700, and 800 miles apart 
in the north of the continent. E. alhijrona, somewhat nomadic 
and with a coastal and inland distribution varies only in the 
insular Tasmanian population. E. auvifrons, habitat general- 
ized, distribution interior (i.e., wide and continuous), nomadic 
but movements varying with area and seasonal conditions, has 
no geographic variation. E. tricolor has a generalized habitat 
and a continuous interior distribution. It is markedly nomadic 
and with a seasonal shift in abundance from south to north of 
continent. P)re(‘ding habits must accelerate gene flow. There 
is no regular breeding area but it breeds Avherever conditions 
hapj)en to be s\iitable. It may breed in autumn in centre and 
north of continent as well as in spring in south and it is a 
colonial nesting species. No geographic variation occurs. Ash- 
byia loroisis is restricted to arid gibber desert in centre ol‘ 
continent, a continuous but moderately restricted habitat. It 
is fairly sedentary. There is no geographic variation. 

The nnmb(‘r of morj)hologically ditferentiated isolates in the 
Australian chats is thus four. Three of these are in Epthianura 
crocco (Fig. 16). 

(E'ry(jo)tc : Nine of the 15 species in this genus occur in 
Australia and they fall into perhaps 5 species groups. Three 
of these (6’. palpchrom, G. mmjnirostris, and G. chhronota) 
are of New Guinea origin. Within Australia the various species 
are adai)ted to habitats ranging from tropical rain forest to 
coastal woodlands, mangroves, and the arid interior. They are 
typically sedentary forms but two species, Gcrygone olivacca 
and G. fiisca, have (south-north) migratory races. 

Speciation is actively occurring in the genus. G. olivacca, a 
sclerophyll forest -savannah M'oodland species, has isolates in 
north Quc'ensland (a minor form), the northwest {roycrsi), and 
southern New Guinea {ciiicrascois) . The New Guinea G. 
hypoxantlui, known only from Geelvink Bay, ('ould be an 
early isolate of this si^ecies. The rain forest si)ecies G. palpc- 
brosa is broken up into three fairly distinctive stocks, inhabit- 
ing the tracts of this association on Gape York {palpchroaa) , 
Gairns-Atherton (joJuisfoal) , and Mackay-lvockhampton 
ri(la). A second I’ain forest s])ecies, G. (igata) richniomli has 
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isolated stoeks (minor raees) in (‘astern N(‘w South \Val(‘s- 
soutlicni Qnec’iisland (richmondi) , tin* Bowen -Maekay ar(‘a 
{(wuilia), and Cairns-Atlierton area (monki). The niaiif»rove 
species, (t. lan'igasfcr, inhabiting tin* northern (‘oastliin* from 
I)(*rby to Xormanton, is broken np into three minor forms 
inhabiting, res]x*etively, the mangrove tracts in the following 
areas: Derhy-Xapier Broome Bay {broomci) , Port Bssington- 
iMelville Island {lacvigastcr) , and lln* Uoper Piver-Xorman 
Piver {mastersi) . G. cantator of eastern Australia, a form aj)- 
proaching the degree of differentiation typical of a species, is 
apparently also a derivative of this stock. The distinctive infra- 
specific form toubrosa, ranging from Carnarvon to King 
Sound, hears a similar relationshij) to the widely-ranging G. 
niagnirostris (Meis(‘, 19dl). 

G. c. chloronota of Arnhem Land is an Australian isolate of a 
Xew Guinea siiecies. 

There are thus some 10 morphologically differentiated isolates 
in the genus Gerygone within continental Australia. 

A further interesting feature is that several of the '‘brown ' 
species of Gerygone are relatively better differentiated on the 
basis of habitat and call notes than they are morphologically. 
This particularly applies to (H. richmondi, G. fuaca, and (k 
laevigastcr. 

Insular forms of (hrygonv occur in Xew Zealand and on 
Lord Howe Island {G. igata). 

Sniirrornis: This monotyiiic genus lacks isolates hut shows 
marked g(‘Ograi)hic colour variation, ])lns a minor south-north 
size dine. The occurrence of the colour forms in this s]R*cies 
in broad h(‘lts from east to west across the continent shows an 
intere.sting correlation with rainfall and temi)eratur(‘. It has 
h(‘cn sugg(‘sted tliat specific climatic thr(*sholds may operate to 
})rodiicc this rather inter(‘sting variation of the Gloger Effeig 
(K(*ast, 1958h). 

^Iphclorc pJuda : The three s])ccies in this genus are, r(*spcc- 
tively, iniiabitants of ai‘id gibber desert (.1. pcctoraiis and ^1. 
nigrocincta) and savannah woodland-grassland (A. hucopsis). 
Th(* gibber (h‘s(‘rts, oc(mri*ing mainly in two extensive south- 
north tixuds, br(‘ak up tin* savannah into eastern, central, and 
western sections, holding to minor isolates in the latter speci(*s. 
'rh(‘ others do not vary geographically. 

Aca)ithiza : The thornbills (*xtend widely over the continent. 

As many as tiv(* species may co-exist in an area (e.g., about 
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Sydney) but are nevertheless well differentiated ecologically, 
jiarticularly in feeding zone and/or the sub-association occupied. 

Acanthiza presents various interesting situations from the 
sj)eciation viewpoint (Mayr and Serveuty, 1938). There is a 
case of speciation by double invasion, A. eivingi and A. pusilla 
diemcne7isis representing successive waves of colonization of 
Tasmania. Well differentiated isolates that could be said to be 
approaching species status include A. pusilla katherina and A. 
rcguloides squamata in northeastern Queensland. 

The total number of morphologically differentiated isolates in 
Acanthiza (Table 3) is about 15, most of them minor forms. 

In the sclerophyll and savannah woodland species isolates 
occur ill: the Cairns-Atherton area (A. pusilla katherina, A. 
nana flava) ; central Queensland (A. regidoidcs squamata) ; 
Tasmania (A. pusilla diemenensis, A. ewingi) ; Mount Lofty 
area of South Australia (A. rcguloides australis, A. nana laetior, 
A. lineata clelandi). There is a form of A. pusilla confined to 
Kangaroo Island {zietzi), and the population of A. lineata there 
{chandlcri) agrees in colouration with that inhabiting Victoria, 
not the adjacent areas of South Australia. In addition to the 
above, A. chrysorrhoa has a well differentiated isolate in the 
region of the Gulf of Carpentaria {normantoni) . 

The distinctive colour types of A. pusilla and A. chrysorrhoa 
inhabiting southwestern Australia are of uncertain origin. They 
could represent western outlyers of forest stocks from eastern 
Australia, or be derived by local selection (the area is one of 
high rainfall) from adjacent dry country stocks (Mayr and 
Serveuty, 1938; Serventy, 1953). However, the southwestern 
type of A. pusilla has secondarily extended right across the 
continent to New South Wales, in this section, accordingly, 
the coastal and interior races are cpiite distinct. 

The interesting relict isolates of the ground-dwelling Samphire 
Thornbill (A. ircdalri) inhabiting, respectively, the arid in- 
terior {ircdalci), heath country in eastern South Australia 
{hedleyi), and samphire adjacent to St. Vincent’s Gulf {rosi- 
nae), have been discussed by Condon (1954). 

Attention is drawn l)y Mayr and Serventy (1938) to two 
noteworthy characteristics of the species A. pusilla and .^1. 
chrysorrhoa. They are particularly versatile ecologically, habi- 
tats being occupied that range from i-ain forest fringes with an 
annual rainfall of over 100 inches per annum, to savannah 
woodland, mallee, and inulga, in the lO-incli rainfall zone. Each 
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is split up into a chain of wet, intermediate, and dry country 
races. 

Sfricof'nis: The rain forest-s(*,lerophyll-savanuali woodland 
superspecies S. frontalis is divisible into four basic forms which, 
in that they are largely isolated, may or may not Ix' entitled 
to s])ccies status (Mayr, 1037). They inhabit the southwest 
{S. maculat }(s) and southeast {S. frojitalis) of the continent, 
Tasmania hnmilis), and Cape York — New Guinea (S. 
heccarii), respectively. S. frontalis and S. maculatus have g-iven 
rise to a few hybrid individuals in South Australia (Mayr). S. 
maculatus, which occupies the dryer southwestern part of the 
continent, is broken up into 3-4 minor isolated forms, two of 
which occupy the Abrolhos and Recherche Island groups, re- 
spectively (Mayr and Wolk, 1053). 

The rain forest species citrcogularis and S. magnirostris, 
ranging from New South Wales to the Cairns-Atherton region, 
each have a minor isolate at the northern end of the range. 

Hylacola: This genus contains two species so similar that they 
would be regarded as geographic races did they not occupy 
adjacent habitats in one restricted area. Of the two, II. 
pgrrhopygia is an inhabitant of heathy under-scrub within 
the sclerophyll formations of eastern and .southeastern Australia. 
The other occupies this type of habitat in southwestern and 
South Australia, but in the eastern part of the range inhabits 
mallee. The contact zone, in the Bendigo area of Victoria, is 
where the two kinds of habitat come together. 

Calamanthus : This genus is broken ui) into two stoc'ks, a 
coastal one (C. fuliginosus) and an interior one (('. campcstris) , 
which dilfer sigiiificaiitly in .size and colour. The two are largely 
isolated but intergrade in the Eyre Peninsula and Goorong sec- 
tion of South Australia, C. campestris moving down dry coi*ri- 
dors into the eoastal habitat of C. fuliginosus. The latter has 
minor isolates on Tasmania and in southwestern Australia. 

Amytornis : This distinctive genus constitutes one of the few 
true desert groups in the Australian avifauna, the various 
species being basically inhabitants of Triodia (porcupine grass). 
Their habit is secretive and they keep low down. Dense con- 
tinuous cover is the prime re(iuisit(\ Distribution tends to be 
broken up into “pockets." Dispersive capacities are poor. 

There are two species grouiis : .1. tcxtilis and ^4. striatus. 

The genus is remarkable ( Keast, l!)58b) for: (a) Bizarre 
changes in bill-form, from that tyjncal of an insect-eater to the 
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lieavy “seed-^Tiiuliii^',” fiiicli-liko ty])c oeeiiiTin^ in the A. tcxt- 
ili.'i «Toii]) 17). The de^T(‘e of size ami eolour variation as 

between species in the .1. sfriafus gTonp (Fi^. 18), is also ex- 
ceptional. The two s})eeies ^Tonps exhibit evolutionary changes 




AMYTORNIS TEXTILIS 

SUPER SPECIES 

FiK. l~- Diffcroiitintion in hill form coim-idoiit with sporintion in dosert 
}^russ wrens of the Amyfornis tc.rtiUs group. The three species show siic- 
(•{‘ssive stages in tlu' transition from an inseetivorous to a granivorous type 
of hill. 

reminiscent of those .seen in the (lalapagos and Hawaiian archi- 
pelagos. (b) Tlnn-e are no fewer than 4 isolated popnlations, so 
dis1in(div(‘ morjthologically that they must be genetic species, 
yet each known from only a single locality: A. (joydcri (lower 
Maciimba Tliver. nortb of Lake Eyre), .4. dorotlicac (MacArthur 
Liver, Gtilf of Carpentaria), .4. woodwardi (Alligator Liver, 
Arnhem lamd), .1. house i (Charnh'y Liver, in the Kimberle^^s) . 

A))iijforuis provides one example of secondary overlap by 
newly evolved species: i.e.. .1. modrstus and .4. frjidis in the 
Maedoniiell Langes. The two obviously originated in the east 
and west of the continent, respectively. 

Geographic variation in the liabitat occupied occurs in Auujtor- 
}iis striatus and A. fcjidis (Figs. 17a and 18a L The former, m 
widely di.stribnted “iiai'entaF’ s])eeies occupying a range of 
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Iiahitats, has l)U(lil('(l off a series of speeies around the })eri])hery 
of its ran^-e that oeeupy roela' ^or^es only. In fh(‘ .1. fr.rtilis 
ji’roui) thei-(‘ is the alternative situation of this speeies, oee»ii)ying' 
the western half of the eontinent, and the eastei'ii .1. modcstus, 
eaeh sonuuvhat versatile in choice of habitat, sepai’atiii" out 



liUl! 

== \. tcxtilis 




Fig-. 17a. .Imiftorjus tc.rtiUs group of doscit grass ■wrens. Distribution 
of species and their geographic variation in habitat is shown. The l)lack 
square indicates the restricted range of the lieavv-billed A. (joijdcri (uoav 
probably extinct.) A. tpxtilis and A. modest us, relatively similar western 
and eastern counterparts, secondarily overlap in range (without interbreed- 
ing) in the mountains of central Australia. Each frequents a range of 
habitats except in the overlap zone, where one keeps to the rugged gorges 
and the other to the valleys. Tlere A. modestus is prol^ably the secondary 
invader. 

The letters refer to minor racial forms of A. text d is, and the numbers to 
those of A. jnodcstus. 

where their distributions meet. Thus, in the Maedonnell Ivang-es 
in central Australia, the former kee])s to the rock surfaces of 
the gforges tiud plateaux and tlu' latter to the ai-eas of soft 
s])iiiifex oil the valley floor. 
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The isolated derivatives of .1, striatiis (A. dorotheac, ^1. 
ivoodwardi, and ^1. housei) could only have reached their pres- 
ent ranjre at a time when desert (spinifex) replaced savannah 
j^rasvsland (an unsuitable habitat in that it lacks permanent 
cover) . 




Fip. IS. Members of the Amytoniis atriatus superspecies to show the 
acquisition of striking size and colour differences. Thougli isolated, these 
forms have diverged morphologically to such an extent that there can be 
little doubt that they are genetic species. 
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Dasyornis: The two species, D. hroadhenti and D. hrachyp- 
tcrus, whose habitat is dense coastal undergrowth, have a dis- 
continuous and relict distribution, each being isolated into two 
distinctive stocks, a southeastern and a southwestern one (see 
figure in Keast, 1957b). The southwestern forms are virtually 
extinct today. 



ROCKY RIVER 




Fig. 18a. The range of the various forms in the A. striatus superspccies. 
The parental A. striatus (1, a-d) e.xtends widely through the arid and 
semi-arid interior, whilst the distinctive derivatives A. dorotheae, A. ivood- 
wardi, and A. housei (2, 3, 4) are isolated in the rocky gorges of the 
McArthur, Alligator, and Charnley Rivers, respectively. The habitats oc- 
cupied in different areas are shown on the outside of the map, vegetation 
formations that constitute distributional barriers on the inside. 

The three northern species could only have reached their present position 
at a time when desert spinifex grassland was continuous through to the 
northern seaboard. 

Stipiiurus: A single superspecies is involved here, there being 
three major, isolated, stocks falling into two species. Their dis- 
tribution is shown in Figure 19. 

Stipiturus is an interesting genus in two ways: (a) because 
of the large number (5) of morphologically differentiated iso- 
lates in the species S. malachurus. These, occupying shrinking 
areas of specialized coastal habitat and cut off from the main 
stock in southeastern Australia, occur as follows : — Tasmania 
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{Uttlcri), Ivangaroo Island {halmaturinus) , Mount Compass area 
of South Australia {intenncdius) , southwestern Australia 
{ eat erne nsis), and Dirk Ilartog Island {hartogi). (b) It pro- 
vides an interesting demonstration of an ecological transition 




Fig. 19. Isolation, speciation, and habitat differentiation, in emu-wrens 
of the genus Stipiturus. S. malachurus (1), a secretive species requiring 
dense undergrowth, is broken up distributionally into a series of minor 
isolates around the periphery of the continent (see a*f). 

Distributional barriers are areas of open country and sea. Distinctive 
isolated forms, approaching or that have reached species status (5. mal- 
achurtis malice — 2, and S. ruficeps — 3), occur in semi-arid and arid 
mallee and spinifex desert areas, respectively. 

Eastern populations of S. malachurus are limited to sub-marshy areas, but 
in the southwest, where coastal undergrowth and spinifex lie in close 
proximity, adjacent populations demonstrate the complete ecological tran- 
sition to life in arid places. 
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from life in well wnteiMHl coastal areas to that in arid spinifex 
desert. 

The three forms occupy (piite distinct hal)itats : S. rnalacJnirus^ 
siibmarshy coastal lieatldands and thi(*kets (basically), S.{mala- 
chtints) nwllcc, the malice, and N. ruficcps, desert spinifex. /S'. 
waldcluirus does, howev(‘r, vary g*eof?raphically in the habitat 
occupied, lu coastal New South Wales, Victoria, and Tasmania, 
siibmarshy ai’cas of rank grass and heath (40-inch rainfall zone) 
are inhabited. On Kangaroo Island the habitat is dry under- 
growth, including thickets on stony hills (25-inch rainfall zone). 
In the southwest of the continent the species extends from the 
coastal regions out through the regions of semi-arid to arid scrub 
and undergrowth towards the 10-inch rainfall isohyet. 

Jlalunts: This genus with 12 Australian species forms a com- 
pact group. All are sedentary, somewhat gregarious, and occupy 
habitat of the shrub or rank grassland type in different parts of 
the continent. Speciation is actively occurring. 

Malnrus falls into tive species groups : 31. cyaneus-melanotus- 
rallainus-splcndnis, 31. lamherti, 31. Icucouotus, 31. melanoiis, 
and 31. corouafus. The first two are particularly interesting from 
the viewpoint of speciatioii. 

3[aJurus cijaMnis-mfhniotK.^-callaimts-.splendnis group of wren 
species (Fig. 8). These forms occupy broad, mutually exclu- 
sive zones and different habitats, from east to west across the 
continent. Three of the four have reached that stage of colour 
pattern differentiation typical of genetic species. The habitats 
occupied, however, the common denominator of which is dense 
shrubby cover, could be described as being as distinct in terms of 
vegetation type and climate as “proven” species in other genera. 
The only possible zone of contact between the four forms, how- 
ever, is in New South Wales, where riverside thickets (occupied 
by 3J. cyancus) and malice (occupied by 31. r)iclanotns) approach 
each other. The relationship between habitat occupied and 
speeiation in this and other groups is discussed in Section VII. 

Within the 31. lamherti group, distinct forms occupy the fol- 
lowing areas of the continent (Fig. 20) : (a) arid interior of 
continent {mastrrsi) , (b) well-watered coastal fringe of New 
South Wales (lambo'ti) , (c) malice and creekside thickets in 
western New South Wales (as.^iimilis) , (d) high-rainfall coastal 
corner of southwestern Australia {elcgans), (c) “intermediate” 
country in southwestern Australia and on Eyre Peninsula {pul- 
clicrrimus), (f) tropical Cape York {amabilis), (g) tropical 
northwestern Australia (dulcior). In addition there is a minor 
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eolour isolate on Bernier Island, nortlnvestern Australia (her- 
nicj'i) . 

Since the seven o-eo^raphically re])resentative forms largely 
replace each other, and have diverged only a minor to moderate 
extent morphologically, there has long been doubt as to their 
status. A field study in southwestern iVustralia by Serventy 




Fig. 20. Distribution of species and forms in the Malurus lamherti group 
of chestnut-shouldered wrens. Speciation and variation in this group are 
highly complex and incompletely understood. 

In the southwest of the continent three distinctive colour forms, occupying 
adjacent zones behave as good species to each other. These are: Malurus 
elcgans, M. pulcJierrimus, and M. lamherti mastersi. Three colour forms 
in the east, also occupying zones of decreasing rainfall, intergrade where 
they meet (see II). These are the races II. lamherti lamherti, M. 1. a^similis, 
and M. 1. mastersi. 

Two distinctive forms in the northwest and northeast of the continent 
are isolated from each other and, apparently, from the desert mastersi. Their 
genetic status is unknown but, in view of the fact that they differ to as 
great a degree as elegans, pulcherrimus, and lamherti, they are best regarded 
as taxonomic species. 

The groui) thus contains three proven species, and possibly five. 
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(1951), hoAverer, has surprisingly demonstrated that the three 
forms oceurring tliere {clcgans, ijulchcrrimits, lambcrti jnastcj'si), 
despite being fairly similar in colour, overlap in range and be- 
have as good species toward each other. In contrast with this 
situation, the three morphologicall}^ and ecologically equivalent 
forms ill the east {Jamhcrti lamhcrti, 1. assimilis, 1. masici'si) 
intergrade in southern Queensland where the dry country aj)- 
proaches the coast (Mack, 1934b). This contact is probably 
secondary. 

The Cape York and Ariihem Land representatives of the group 
{amabiUs and did dor) live in relatively wet areas and are aji- 
parently isolated from the desert mastcrsi by a considerable 
range gap, deficient in ground cover. They are at least as distinct 
morphologically from each other and from mastcrsi as are clegans 
and pulcherrimiis. 

The evolutionary situation in the chestnut-shouldered Avrens 
is thus a highly interesting one. There are three proven species, 
plus tAvo isolated forms sufficiently distinct morphologically to 
suggest that they could not successfully interbreed. 

The zonal nature of the distribution of M. elcgans, M. pulchcr- 
rimus, and M. lambcrti mastcrsi, in soutliAvestern Australia is 
presumably a secondary phenomenon, il/. clcgans could, coneeiv- 
ably, have come from the east, colonizing around the coastline. 
.1/. puIcJu rrimus has an outlyer on p]yre Peninsula (i.e., like the 
other soutliAvestern species Climaetcris rufa and Eopsaltria aus- 
tralis [ griscog ularis ] . 

The other species groujis in Malar us liaAT one morphologieally 
differentiated isolate each, as folloAA’s: M. leuconotus (one on 
Dirk llartog and ParroAv Islands), M. mchmoccphalus, a species 
Avith an eastern and northern coastal distribution (one in north- 
Avestern Australia), and M. coronatus (one, possibly, in the coun- 
try at the head of the Gulf of Carpentaria). 

Speciation in the Subfamily Malurinae, Summarized 

There are three instances of secondary range OA’erlap by “iieAvly 
evolved” species: Acanthiza cwiagi — A. pusilla dicmencnsis in 
Tasmania, and Malurus clcgans — M. pulchcn'imus — M. Iam- 
bi rti mastcrsi, in soutliAvestern Australia. 

Isolates that have reached such a stage of morphological dif- 
ferentiation that they must be good genetic species occur as 
folloAvs : Gcrygonc, 2 ; Amytornis, 4 ; Stipiturus, 1 or 2 ; Malurus, 
4-5. Total: 11-13. 
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i\Iorpho]o{j^iea]]y differentiated isolates of lesser degree total 
G1 (Tal)le 2), 16 of whieh eonld be said to have reaehed a mod- 
erate stage of differentiation. This is over one per sjieeies. It 
refleets the relatively poor dispersive eapacities of the majority, 
their local habits, tendeney to keep to dense cover, and fairly 
specific habitat requirements. 

Hybrid zones oeenr in lSeri.cot‘iiis maculum-frontalia, and be- 
tween the eastern forms in the M(tlurus lamherti eomplex. 

Some 23 malnrinid species do not vary geographically, but 
some 21 of these have such restricted ranges that this would not 
be expected, e.g., Acanthka cwmgi, Orujma 7'uhccula, and Orco- 
scopiis (jutiuralis. The remaining two {Epithianura tricolor and 
E. aurif) o)is) are nomads. 

Colour and size elines occur in several malnrinid species, 
especially in those belonging to the genus Acanthiza. Smicrornis 
hrcvirostris has lioth. In the genus Amytoniis, however, coinci- 
dent with s])ceiation, these trends may be reversed. 

(lerygonc magnirostris, G. palpchrosa, and G. chloronota, that 
extend through to New (Juinea, have minor isolates in that region. 

Family ARTAMIDAE 
( Wood-Swal lows ) 

The six Australian Wood-Swallows (4 of them endemic) are 
aerial feeders and hence are strong on the wing. Most of them 
range widely over the continent. 

Speeiation 

The development of geographic variation in this group in as- 
sociation with seasonal movements has been reviewed by Iveast 
(lb58e). In only the single sedentary species (^4. cinereus) is 
it markeil, but isolation is lacking. Two migratory siiecies have 
minor clini('al variation, A. laicorhynchus and cyanoptcrus. The 
remainder, strongly nomadic siieeies, do not vary at all geo- 
graphically. 

.1. lei(corhy)ichus, in an extra-Australian range extending from 
the Andamans and Philippines to Fiji and Palau, has some f) 
distinctive isolates. 



Family SITTIDAE 

(Nuthatches and Australian Tree-Creepers) 

This family, as now constituted (iMayr and Amadou, lOol), 
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contains two genera in Australia, Climateris and Neositta, eco- 
logical counterjiarts, resi)ectively, of the creepers and nuthatches 
of the Palaearctie. The species are highly specialized ecologi- 
cally, gaining their insect food from fissures and cracks in the 
trunks and branches, though some members of Climacteris 
piciunnus group have taken secondarily to feeding from the 
ground. Climactc ris has six species in Australia, one extending 
to New Uuinea. AXiositta is now regarded as being eomposeid of 
only one s])ecies (^layr, 1950b — See Figure 21). 




FiK. -1. ^feositta chrysoptera siiperspecies, a case of multiple hybridiza- 
tion at contact fronts (Mayi-, 1951). In this case distinctive forms have 
developed in various parts of the continent, including the southwest, north- 
west, Cape York, central Queensland, and southeast. Secondarily, however, 
outward extension of range has occurred, particularly from the northwest 
and southwest (see white arrows). Zones of hybridization (see letters II j 
connect a number of the forms today. 

Xcositta is significant in two ways: as an example of multii'le hybridiza- 
tion, and in that relatively great morphological differences have been at 
tained without reijroductive isolation. Thus, head colouring may be brown 
(indicated by close cross-hatching), black, or white. Body striations may 
be absent. The bill may be black or yellow. The wing bar may be orange 
(sparse cross-hatching) or white. 

Climacteris has species in a range of habitats but Neositta is 
essentially a species of selerojfiiyll forests and savannah. All 
specie.s are sedentary. 
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Speciation 

Climacteris is composed of three species groups (Keast, 1957e). 
Most interesting of these is the C. picumnus group of savannah 
woodland species and forms (Pig. 22). C. picumnus proper in- 
habits the southeast and its distinctive isolate, C, picumnus 
melanotis, the northeast. C, rufa, an isolate so distinctive that 
it must be regarded as having reached species status, occupies 
the southwest and has a minor derivative on Eyre Peninsula. 
C. mclanura inhabits the northwestern sector and has a deriva- 
tive {wcllsi) in the llamersley section of the central west. There 




Fig. 22. Isolation and speciation in the Climacteris jnciimyius group of 
savannah-dwelling tree-creepers. There is a distinctive form corresponding 
to each of the major savannah woodland belts on the continent. In contrast 
with Xeositta, though there has been outward range spread, secondary con- 
tact has occurred only in the north. Here, however, there is no hybridization, 
showing that specific distinctness has been attained. 

The southwestern form, C. rufa, can, in view of its distinctiveness, best 
(from the taxonomic point of view) be regarded as a species. 

The black arrows on the outside of the map indicate the distributional 
barriers, each a dry to arid section from Avhich the necessary habitat is 
absent. The arrows within the map indicate major secondary range exten- 
sions. 
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is thus a chain of six forms, each centred on a hilly or moun- 
tainous “refuse” area. All remain isolated exeept at the head 
of the Gulf of Carpentaria where C. mcJauura has secondarily 
extended its range to meet and co-exist with C. piciimnits mcla- 
notis, Avithout interbreeding. Within the group there is, accord- 
ingly, the full range of stages in the speciation process from 
minor isolates to a newly-evolved species. 

C. Icucophaca, making up the second species group is a mon- 
tane species in New Guinea (3 isolates), and a rain forest-sclero- 
phyll forest species in eastern Australia. Here it has two 
morphologically differentiated isolates, a distinctive one in the 
Cairns-Atherton region (minor), and a lesser one in the Mount 
Lofty Ranges (griscscens) . The third species group is composed 
of two species, C. crythrops (inhabiting mountain sclero})hyll in 
the east) and C. ofjinis (mnlga desert). 

Climactcris provides one of the best demonstrations of dif- 
ferentiation and speciation in refuge areas. These same tracts of 
country also function as refuge areas in other groups, e.g. parrots, 
nuthatches. 

Ncosifta ])rovides a most interesting contrast with Climactcris 
in that (though differentiation has again occurred in these refuge 
areas) the A^arious isolates have secondarily reunited to form 
hybrid zones (Mayr, 19501)). The genus has a chain of forms 
around the periphery of the continent, as folloAvs: southeast 
{chrysoptcra chrysoptc ra) , soutliAvest and south (pilcata), north- 
Avest and north (Uucoptcra) , northeast (striata), central east 
(albata, h ucoccphala, etc). Xcositta provides a splendid example 
of multiple hybridization (intergradation) along contact fronts 
vsee Section X), and is surprising for the degree of differentia- 
tion achieved Aviihout the attainment of reproductive isolation. 
The morphological characteristics, ranges, and approximate areas 
of hyl)rid zones in Xcositta are shoAvn in Figure 21. Differentia- 
tion of forms has occurred in the same areas as in Climactcris, 
exeept that Xcositta lacks them in the Hamersley and Eyre 
Peninsula sectors and has several in eastern Queensland. 

Clinal A-ariation occurs in various Australian Sittidae. 

Family DICAEIDAE 
( FloAver-seekers and Pardalotes ) 

This family, in Australia, falls into tAVO genera, the endemic 
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and somewhat aberrant Pardalotns (7 species) and Dicaeum (1 
species). Tlie latter is well developed in southeastern Asia, Indo- 
nesia, New Guinea, and islands of the western Pacific. Dicacinn 
hinindinaccum, the Australian representative, is itself the end 
member of a superspeeies extending through from Asia. 

Pardalotns occurs throughout Australia. P. punctatus inhabits 
the scleropliyll forests of eastern and southern Australia and has 
given rise to P. quadragintus in Tasmania and to the mallee 
species, P. xantliopygns. P. mclanocephalus mainly inhabits the 
tropical savannah woodlands. P. ruhricaius is a savannah grass- 
land-arid country sjjecies. The remaining species live in dry 
sclerojiliyll forest and savannah woodland, with a distinct ten- 
dency to ueeiir along rivers. Dicaeum hirundinaccum occurs 
throughout the continent and has an extremely wide habitat 
tolerance. 

Dicaeum is highly nomadic. Pardalotns striatus has a south- 
north migration. Other jiardalotes, inhabiting the dryer areas, 
are ajiparently partial nomads. 

Speciation 

Pardalotns contains an instance of speciation by double inva- 
sion (into Tasmania), P. qnadragintns representing the earlier, 
and the endemie race of P. paactuGis (leachi) the later one. 
Apart from this, the only difi'erentiating isolates in the group 
are the insignificant southwestern form of P. punctatus and the 
northwestern one of P. ‘mclanocephalus. 

The puzzling status and relationshijis of Pardalotns suhstri- 
atus, P. ornatus, and P. striatus, largely geograifiiically repre- 
.scntative forms recognizable only on minor grounds, have been 
discussed by llindwood and Mayr (1346) and Serventy (1953). 
The first of these extends widely across the southern two-thirds 
of the continent, the second through a broad south-north zone 
in the east, and the third is confined to Tasmania and the south- 
eastern coastal strip of the mainland. The three overlap in 
eastei-n Australia but, despite their morphological similarity and 
the absence of habitat differences between them, only 1,8 per 
cent of the specimens are morphologically intermediate, i.t*. 
hybrids, according to the findings of llindwood and ]\layr. 
Serventy (Pb')3), however, interprets the evidence differently, 
saying that ornatus is itself nothing hut a hybrid form. lie 
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also draws attention to the existence of a specimen from south- 
western Australia that has a yellow winj? speculum (a charac- 
teristic of the southeastern striatus) as indieatiu" the })rcsence 
of occasional genes of that species in the far west. Serventy 
suggests that all the “striped-crowned” pard.olates, hence, prob- 
ably belong to a single species. In any event, there can be little 
doubt that P. suhstriatiis originated in southwestern Australia 
and P. striafus in Tasmania. A high pi-oportioii of the latter 
occurring in eastern Australia are winter migrants. 

P. mclanocephaUis is the northern rcjiresentative of the group. 
It obviously originated in the northwest or north and has sec- 
ondarily spread southwai'ds to overlap the range of P. sub- 
sfriatiis. 

The ecology of Dicacnm hirnndina-cnim, its intimate relation- 
ship with the mistletoes (Loranthaceae) , and the influence of 
these on its })otential for (leveloj)ing geographic variation have 
been discussed by Keast (1958d). Lorantlius berries form the 
main food of Dicacnm, and the bird undertakes extensive seasonal 
movements coincident with the fruiting of the plants. This may 
be in sjiring, summer, autumn, or winter, in different areas. Its 
breeding is also linked to the berry crop. The occurrence of 
mistletoes in all the main forest and scrub associations explains 
the wide range of vegetation formations inhabited by Dicacnm. 
The bird is a major disseminator of Loranthus. 

D. hirunclinacnun has only negligible geograidiit^ variation in 
Australia. Where, however, the nomadic habit has been lost 
(i.e., in the colonizing of the Am, Kei, and Tenimber Islands), 
distinctive insular isolates occur. 

Fkamily iS\ ELlPIl AO. 1 DAE 
( Honey eaters) 

This is an xVustralo-Papuan family of about 150 species, some 
67 of which occur in Australia. Their common character is the 
brush-tongue and, though ])riniari]y insectivorous, nectar is 
prominent in the diet. 

Of the 20 or moi’e genera occuri’ing in Australia, 12 obviously 
originated here: Mclithrcpfu.^, Pic ctorhijn chits, Ccvthionifx, 

Acanthorhuiichns, Gliciphila, Uamsayornis, GranticUa, Conopo- 
phila, Zanthomiza, Phijlidovyris (with Mclioniis) , Manoiimi 
t with ?Iyzantha) , and Anthochacra-Acauthagcnys. 

At the species level all are ap]iarently Australian with the 
exception of about IS that are recent immigrants from New 
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Guinea, or are obviously derived from such. The majority of 
the 23 species of the large genus Meliphaga occurring in Aus- 
tralia are endemic. 

Honeyeater species are specialized for life in the full range 
of vegetation formations and the degree of “habitat tolerance” 
of any one is commonly limited. Many species are sedentary but 
“blossom nomadism,” of limited amplitude, is widespread. A 
few species, especially Grantiella picta, Certhionyx variegatus, 
Myzomelia nigra, are highly nomadic. Meliphaga chrysops and 
Mdithreptus lunatus are partial south-north migrants in the 
southeastern part of their range. 

8peciation 

The Australian Meliphagidae contain examples of a wide range 
of speciatioii phenomena, including two instances of triple in- 
vasion, one of re-invasion, and several demonstrations of sec- 
ondary range overlap by recently evolved species. There are a 
considerable number of minor instances of isolation and differ- 
entiation. 

(a) Instances of Recently Completed Speciation 
and some Special Phenomena 

(i) Mdithreptus lunatus and M. alhogularis, a case of sec- 
ondary range overlap in peripheral sclerophyll-savannah wood- 
land species (Pig. 23). These two species are so similar that, 
if they did not co-exist over an extensive area, they would rank 
as no more than minor geographic races. Both are strictly 
peripheral in range, inhabiting sclerophyll forest and savannah 
woodland. M. lunatus is southern and eastern in distribution, 
.1/. albogidaris northern and eastern. The overlap area extends 
from Cairns to the Richmond River, a distance of 1,000 miles 
(Fig. 23). 

Interest in this case lies in: (a) circumstances of the original 
isolation and hence speciation; (b) how it is possible for two 
such similar species to co-exist. 

There can be little doubt that J/. albogularis developed in the 
Ivimberley-Ariihem Land sector of the northwest, that is to tlu' 
west of the Gulf of Carpentaria. A recent eastward extension of 
range by various northwestern bird species and races has been 
noted (Keast, 1956a). il/. albogularis, however, has followed 
this with a great range extension southwards through the coastal 
forests of eastern Queensland. 
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MELITHREPTUS LUNATUS GROUP 




Fig. 23. Speciation in the Melithr.e'ptm lunatus group of savannah wood- 
land — sclerophyll forest honeyeaters. 

If. lunatus (1 — stippled areas) is related to the others as follows: M. 
alhogularis (2— see cross-hatching), barely distinguishable on morphological 
grounds, mainly inhabits the north of the continent but overlaps the range 
of M. lunatus in eastern Australia by about 1,000 miles. If. affinis (3 — 
range shown in black), is a distinctive Tasmanian isolate. M. Iwnatus 
cliloropsis (4 — heavily spotted area), a long-billed isolate in the southwest, 
has reached a lesser degree of divergence. 

There can be no doubt that the sibling species M. alhogularis originated 
in northwestern Australia (or possibly even New Guinea) and that its 
occurrence in eastern Australia is secondary. In at least part of the overlap 
area it occupies a different habitat to M. lunatus. 
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M. lunatus and ]}[. alhognlaris oceiipy slightly different areas 
in the overlap zone. The former occurs only on the tops of the 
ranges and tln^ latter only in the lowlands (Barnard and Bar- 
nard, 1925; Barnard, 1926). Several other southern bird species 
are restricted to the higher country in the northern parts of their 
range, e.g., Mclipliaga Invini and Dacdo iiovaeguineae. In col- 
onizing southwards, M. alhognlaris may accordingly have been 
able to move, partly unimpeded by competition, through the 
lowlands. 

The fleshy orbital ring is a vivid orange colour in the eastern 
race of M. lunatus. In other members of the genus, and in the 
southwestern race of this species, this area of the body is a 
drab white, greenish, or jiale blue colour. The character could 
have an important role in helping to prevent hybridization with 
the superficially similar M. alhognlaris.'^ 

(ii) Mclipliaga hiriui, il/. notata, and M. gracilis, a case of 
triple invasion by rain foi’est s])ecies from New Guinea (Fig 
24). These three species have the same colouration and colour 
pattern and obviously are derived from a common New Guinea 
stock. The chief differenees are in size, M. Icwini being the 
largest and il/. gracilis the smallest, and in the relatively long 
bill of il/. gracilis. M. Icwini does not have a close counterpart in 
New Guinea, whereas il/. notata shares a semi-species relation- 
ship with M. analoga there (Rand, 1936), and M. gracilis, in 
Australia, is only racially distinct from its parental form. 

il/. Icwini, the species Avith the southernmost range (Dande- 
nongs to the Cairns-Atherton area), has obviously had a fairly 
long history in Australia. By contrast, the bifurcation of 
analoga-notata from gracilis must have taken place in New 
Guinea, il/. notata and il/. gracilis are now each broken up into 
two populations in Australia, inhabiting the Cape York and 
Cairns rain forests, respectively. 

Where the three species overlap, M. Icwini oeeupies the high- 
lands and il/. notata the loAvlands (Barnard, 1926). The long- 
billed M. gracilis is also a lowland dweller. 



1 Brown and Wilson (195(>) might regard this as an example of a character 
being niodilied as the result of eontaet between two elosely related si>ecies. 
Against this, however, Is the argument that the red orbital ring is typieal of 
M. lunatus throughout its eastern range, not just where it meets M. alboyiilaris. 
There would seem to be no doui>t that the latter is the invader. 

Aetually there is relatively little evidenee of modification to, or reinforcement 
of, a morphological character in zones of contact between closely related species 
in Australian birds — though see MrliiUiaga i:ircsccn.i-vcrsicolor. 
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Fig. 24. Triple invasion of Australia by similarly coloured New Guinea 
rain forest lioneyeaters of the Meliyhaga lewini — notata — gracilis group. 
The distinctive endemic species M. lewini (1) obviously represents the first 
wave. M. notata (2), the second arrival, ranks as a semi-species with M. 
analoga of New Guinea. M. gracilis (3), the most recent arrival, is only 
racially distinct from its New Guinea parent. 

M. lewini and M. notata occupy different sub-zones wliere they overlap, the 
former keeping to the highlands and the latter to the lowlands, ^f. lewini 
has a south-north dine of increasing bill length and decreasing wing length. 
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fiii) Mcliphagn vircsecns and M. lursicolor, a case of speeia- 
tion in New (iiiinea and reiiivasion of the Australian continent 
into a new habitat (Fig. 23). 




Fig. 25. MclipJiaga vircscms super.speeies, a case of speciation by ‘‘re- 
invasion.” The parental species has a wide range through the arid interior 
of Australia. It only enters mangroves in the west where conditions are 
dry. The New Guinea derivative, M. versicolor, has re-invaded the continent 
(see black arrows) to colonize the unoccupied eastern mangroves. It does 
not go beyond the forest fringes adjacent to the mangroves and hence has 
a range parallel to, but not overlapping, that of J/. virescens. 

The dotted arrows indicate the range of an earlier specialized derivative, 
J/. fasciogularis, a species inhabiting the more southern mangroves of eastern 
Australia. 

The numbers indicate geographic races of .1/. versicolor. 



KEAST: BIRD SPiK'IATlON IN AUSTRALIA 



383 



M. viresccns, a widely rano'ing savannali ^rassland-imilga 
species, varies cliiially in eoloiir and size. M. versicolor lins three 
forms, one inhabiting- nortln'rn New Guinea that is liarely dis- 
tin^nishahle from typical vircsccns, one in the Milne Bay area 
that is intermediate, and one in southern New Guinea and Cape 
York that has aeeentnated eolonriii" and is markedly distinct 
from virescnis. Nevertheless, all would rank as one species were 
it not for the fact that M. virescens and M, versicolor occur to- 
gether, without interbreeding, on Cape York. 

M. versicolor obviously represents a branch of M. virescens that 
became isolated in New Guinea and there built up genetic and 
morphological differences from the parental stock. The habitat 
relationships of the two are interesting. M. virescens extends 
throughout the dry parts of the continent but does not penetrate 
into the wet eastern coastal strip. In the dryer west, however, 
it does occupy mangroves. On Cape York it is confined to the 
dryer savannahs of the western side. M. veriscolor, a coastal 
species in New Guinea, has invaded Australia into the offshore 
mangroves of eastern Cape York. 

The mangroves of southeastern Queensland are occupied by a 
third related species, J/. fasciogularis. This is isolated from 
M. vircsccns by the wet coastal forests but overlaps M. versicolor 
in range without interbreeding. 

(iv) Philemon argenticeps and P. novaeguineae, a case of 
triple invasion from New (Jninea (Fig. 26). 

The friarbird Philemon {))}oluccensis) novaeguineae has a 
wide distribution through the islands to the north of Australia. 
It has invaded the Australian continent three times, the earliest 
wave giving rise to the savannah dwelling P. argenticeps, and 
subsequent ones to P. novaeguineae gordoni and P. n. yorki in 
the mangroves (mainly) of Arnhem Land and coastal savannah 
woodlands of Cape York, respectively. The degree of morpho- 
logical distinctness of the forms is only moderate and were it 
not for their co-existing they Avould only rank as races (Mayr, 
1944a, p. 167). P. argenticeps, the earliest arrival, is now well 
adapted to the dry country and extends well south into it. 

(v) Dry country Meliphaga species of the cratitia-plunuda- 
ornata-keartlandi-jlavescens-jusca groups, examples of “refuge 
area” differentiation and speciation. 

These species fall into two or three species groups, the members 
of each of which tend to occupy different segments of the fairly 
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Fig. 26. Speeiutioii in tlie genus Philemon (Melipliagidae ) . P. nocac 
(jnincae has iuvadetl Australia from the north three tiuu's. The first eolouiza- 
lion (now P. arfintliccp.s) , adapted to drv savannah forest, has readied 
specific distinctness, as shown by its noudiybridization with later arrivals. 
Subsef|uently, there have been parallel waves of colonization into the north- 
west and northeast, respectively {novae fniin car pordoni and n. yoi'ki). The 
latter two keep to the mangroves and wetter coastal savanah. 

The lower map demonstrates a ease of the reverse process, eolonizalion of 
the savannah woodland areas of southern New Guinea by the Australian 
savannah species, Philemon citreogularis. The insular population has now 
reached race status. 
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(li‘v (mainly savannah woodland-” rasslaiul) ))arts of tlio con- 
tinent. Tlioii- ranges, however, may he marked by broad over- 
laps today. Habitat dilrerenees are often present but ill-defined, 
with e(inivah*nt plant associations being occupied by different 
spec'ies as between north and south, or east and west. 

rnrrcnt distribution ])atterns indicate that species arose in 
the east (fnsca), north {/tavrscrus) , and south {cratiiia, ornata ) 
of the continent. 

(vii Myzaniha JIavigula and M. melanotis in the Victorian 
mallee. 

This puzzling case has been discussed by Serventy (1953). 
In southwestern Australia the widely ranging, savannah wood- 
land-grassland d/. fiavigula is connected clinally with a darkly 
pigmented race in southwestern Australia (ohscni'a), inhabiting 
the coastal high rainfall zone. In the Victorian mallee, however, 
where a similar colour form {melanotis) occurs, it behaves as a 
distinct breeding unit co-existing, but not hybridizing, with M. 
fiavigula. 

The eircnmstances of the original isolation of M. melanotis are 
obscure, unless the species is of southwestern origin. 

(vii) ddie semi-species Mdiphaga melanops and d/. cassidijc, 
secondary contact without interbreeding. 

These two species are so similar mor])hol()gically that they can 
only doubtfully be distinguished in the field, d/. melanops has 
a fairly wide range in the sclei-ojiliyll forests of eastern Aus- 
tralia and it approaches and apparently meets M. cassidix 
(restricted to the Dandenong region of \detoria), along the 
periphery of its range without interbreeding — see analysis of 
Wakefield (1958). d/. melanops is apparently a secondary in- 
vader of southern Victoria. 

(b) Moi'jihologically Dillerentiated Isolates 

The following are examjile.s of geograiihically representative 
species, i.e., isolates that are so distinctive that thej^ must now 
l)e genetic species ; 

(i) Antliochaera paradoxa (Tasmania). Parental stock: A. 
caninciflata inhabiting the sclerophyll forests of southern Aus- 
tralia. 

(ii) Meliphaga flavicollis (Tasmania). Parental stock: M. 
leucotis, inhabiting sclerophyll and mallee in southern Australia. 

(iiii Melitlireptus afjluis (Tasmania). Parental stock: M. 
hinatiis of the sclerophyll forests of southern Australia. 
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(iv) Mclithrcptus validirostris (Tasmania). Parental stock: 
M. gidaris, inhabiting savannah M'oodlaiul and dry selerophyll 
in southern Australia. This form is somewhat less distinctive 
than the others and is probably not specifically distinct. 

(v) Acanthorhynclnis su 2 )crcdiosvs (selerophyll forests of 
southwest corner). Parental stock; .1. tcmiirostidii of south- 
eastern and eastern selerophyll forests. 

(vi) Mdiphaga notafa (rain forests of northeastern Aus- 
tralia). Parental stock: M. analoga of New Guinea (see previous 
diseussion) . 

(vii) Mcliplmga maclcayana (Cairns-Atherton rain forests). 
Parental stoek ; M. ehrysotis of New Guinea, now secondarily 
established in the rain forests of Cape York. 

The total number of morphologically ditferentiated isolates in 
the Australian IMelijihagidae will be seen in Table 3. These, if 
geographically repre.sentative species are exeluded, total 18, and 
occur in 12 species, as follows : 

Mclithrcptus liuiafus, selerophyll forest, 1, well differentiated; 
Myzomda crythrocepluda, rain forest and mangroves, 1, major 
form ; M. ohscura, rain forest and mangroves, 1, minor form ; 
Acauthorhyndius tenuirostris, selerophyll forest, 2, minor forms; 
Mdiphaga notata, rain forest, 1, minor; M. graedis, rain forest, 
1, minor; 71/. flaveserns, tropical savannah woodland, 2, both 
minor; FhyUdouiiris pyirhoptcra^ selerophyll, 2, both minor; 
P. novac-hollandiac, selerophyll, 1, minor ; P. niger, selerophyll, 
1, minor; Anthodiacra dirysoptcra, selerophyll, 2, one major, 
one minor; A. carunculafa, selerophyll, 1, minor; Entomyzon 
cyauoiiSy savannah woodland, 1, minor; PhUemon novac-gnincac, 
savannah woodland and mangroves, 1, minor. 

Some 23 honeyeater species do not vary geographieally in size 
or colour. Some 14 of these, however, are either insular species 
or have ranges so restricted that this would not be expected. 
About 5 are highly nomadic and several arc partial nomads. 
Mdithreptus alhogidaris has radiated outwards only fairly 
recently. 

Speeiation across Torres Strait has figured fairly prominently 
in the luiilding up of the Australian honej^ater fauna though, 
liroportionately, to a much less degree than in the iMuseieapinae. 
Philemon citrcogularis (Pig. 26), P. coniiculatus, and Mdiphaga 
llaveseens, by contrast, are Australian savannah Moodland 
species that have given rise to forms in southern New Guinea. 
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Hybrid zones do not oeenr in the Melipha^’idae, though the 
relationships of the northern and southern forms in Mclithreptus 
(jularis merit investigation. 

As noted, relatively few of the Australian Meliphagidae extend 
beyond the continent, but those that do tend to have morpholog- 
ically differentiated insular isolates. Thus, Myzomela dihapha 
has about eight, mostly in the Celebes-Timor sector but with 
one on New Caledonia. Lichmcra indistincta falls into many 
forms (over 5) in a range extending from Timor to the south- 
west Pacific. Other species have minor isolates in New Guinea. 

Clines are common in the IMeliphagidae, with most being dem- 
onstrations either of the Bergmann or Gloger effects. Meliphaga 
Icwini, however, has a south-north dine of increasing bill length. 
The “plastic” interior species, M. virescens, provides examples 
of somewhat complicated colour variation. In Melithreptus 
gularis and Meliphaga pcnicillata, as in Smicrornis hrevirostris, 
three colour forms extend in broad zones from east to west across 
the continent. As noted, they are associated with specific rainfall 
and temperature threshholds. 

Fain ily Z( ) ST E K 0 PI D A E 
(White-eyes) 

Of three Australian species of Zosterops, Zosterops lateralis 
is equally well developed on the continent and in the southwest 
Pacific, and the other two {Z. lutea and Z. Moris alhiventris) 
are derived from island species to the northwest of the continent. 

Z. lateralis has an eastern and southern distribution in Aus- 
tralia and is essentially an inhabitant of sclerophyll forest and 
rain forest. Z. lutea, inhabiting the north and west, is a man- 
grove dweller. Z. chloris alhiventris is confined to the islands 
off Cape York. 

The species are sedentary except that Z. lateralis has a limited 
south -north migration in the southeast of the continent. 

Speciation 

Z. lateralis has morphologically dift'erentiated isolates in 
southwestern Australia {gouldi) and on the Capricorn Islands 
off eastern Queensland and Lord Ilowe Island {tephropleura) . 
The Tasmanian form {tasmanica), also occurring in southern 
Victoria, and that occupying the Murray Valley (halmaturina) , 
apparently former isolates, are now connected with nominate 



388 



BULLETIN: :museu:\i of cosipakative zoology 



lateralis (eastern New South Wales) by minor zones of inter- 
g’radation. The Cairns-Atlierton form (vegcta) may also be an 
isolate. Zosterops luUa has forms in the Ilamersley and Kim- 
berley segments that are probably isolates. There is elinal varia- 
tion in both. 

Z. lateralis tasmanica has invaded New Zealand and thence 
Norfolk Island, the Chathams, and Camiibell l.sland, within 
recorded history. The species has some 6 morphologically dif- 
ferentiated isolates in the southwest Pacific. 

The successive invasions of Lord llowe Island and Norfolk 
Island b3^ members of the genus Zosterops provide some of the 
classic cases of speciation by multiple invasion. Whether or not 
these forms, however, came from a single point source is 
doubtful. 



Family PLOCEIDAE 
Subfamily ESTPJLDINAE 
(Finches) 

Of the 18 species composing the Australian Estrildiiiae only 
two, and possibly three, are derived from outside of the con- 
tinent. Lonchura jiaviprijinna, inhabiting a restricted area in 
the northwest, is an isolated derivative of L. maja of Indonesia, 
and Erythrura trichroa has recently colonized Cape York from 
New Guinea. Lonchura castancofhorax has a wide range in 
New Guinea (two morphologicall}' ditferentiated isolates) as 
well as in Australia. 

The seed-eating finches are mainly inhabitants of the dryer 
creekside thickets and savannahs of the north and east. Zonae- 
yinthus bellus-oculatus, by contrast, is confined to thickets in 
the sclerophylls of the south, Estrihla temporalis to the sclero- 
j)hyll and rain forests of the east, Lo)ichura castaneothorax to 
i‘(‘edbeds and areas of rank grass (east and north), Zonae- 
(jinthus pictus to rocky outcrops in the central desert, and 
Erythrura trichroa to rain forest fringes in the northeast. 
Whilst none of the finches undertake regular seasonal move- 
ments, those inhabiting the central and northern regions are 
somewhat sensitive to shifts in the supply of. seeds and surface 
water, bad seasons forcing groups to move to new areas. 

Speciation 

Zonacginthus hdlus is represented by a form in southwestern 
Australia so distinct that it can best be regarded as having 
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rcac-hoil sjHHBOs status {ocnhif us) , whilst in the northwest and 
iioi-theast of tlie continent, Pocphda ucuticauda and P. ciucta 
are eonnterparts of each other (see fi^ijs. in Keast, 1958f). 

Isolates that have i-eaehed a moderate or lesser degree of 
differentiation ocenr in Poephila pcrsonata and Loncliura casta- 
iicoihoraj- (as between Arnhem Land and Cape York), in 
Pstrilda temporalis (in Cape York and Mount Lofty Kanges), 
and in Poephila phaeton. In the last named, the black-breasted 
nominate form, occupying coastal northern Australia, but not 
Cape York, has given rise to a white-breasted isolate in New 
Guinea {evangelinae) which, in turn, has invaded Cape York 
to give rise to a derivative there (alhiventer) . This latter re- 
mains isolated. 

Isolation Avitliout differentiation can be seen in the Tasmanian 
population of Zona( ginthus hellus and in the Australian impula- 
tion of Erijthrura trichroa. 

Hybrid zones occur in Poephila bichenovn and in Poephila 
ciucta. In the former, the liyl)rid zone, between nortlnvestern 
and eastern stocks, is in the general region of Alexandria to the 
west of the Gulf of Carpentaria (Nig. 2 in Keast, 1958f). In 
tlie latter, it occurs at the base of Cape York between a form that 
developed on the peninsula and an eastern (Queensland one (Fig. 
.’), same jiaper). 

(ffinical variation occurs in many ffnch species. Of those that 
do not vary geographically (8) most have relatively restricted 
ranges. Poephila guttata^ with an almost Australia-wude dis- 
tribution, is an exception. It has, however, distinctive insular 
isolates on Timor and Sumba. Erythrura trichroa has 8 insular 
isolates beyond Australia. 

The number of mor])ho]ogieally differentiated isolates in 
the Australian finches is 6 within the continent and 12 outside 
of it. 

Family ORIOLIDAE 
(Orioles) 

Two genera occur in Australia : Oriolns (2 species) and the 
endemic Australo-Papuan Sphecotheres (2 species). The group 
is restricted to the savannahs (mainly) and sclerophyll and 
I’ain forests of the east and north. A certain amount of 
nomadism occurs in Oriolns sagittatus. 
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Speciatioii 

0. sagittatus and possibl}" O. fiavocinctus are divided into two 
recognisable stocks occupying the east and northwest of the 
continent, respectively. Both species, and Sphecothcres vicilloti, 
have isolates in southern New" (Juinea. 

Family DICRUKIDAE 
(Drongos) 

Only one member of this Palaearctic family reaches Australia. 
Dicnirus hracteatus does not vary geographically. It has about 
three morphologically dilferentiated isolates in New" Guinea. 

Family CKACTICIDAE 
(Australian Butcherbirds and Magpies) 

This small Australo-Papuaii family is composed of 3 genera 
and 10 species. All are Australian except 2, which are confined 
to New Guinea. Three species are shared by New" Guinea and 
Australia. 

The cracticids, predators with body sizes ranging from that 
of a shrike up to that of a crow", include some of the most 
ju’ominent elements of the Australian countryside, the magpies, 
curraw'ong.s, and butcherbirds. A generalized habitat, extending 
from sclerophyll forest to semi-arid country, is typical of 
Gymnorhina and most species of Cracticiis. Cnicticus quoyi and 
Strepera graculina are, how"ever, restricted to mangroves and 
sclerophyll forest, respectively. versicolor has a southern 
peripheral distribution w"ith sclero]ihyll forest, savannah wood- 
land, and mallee being occupied. 

None of the Gracticidae undertake seasonal movements other 
than those of a local nomadic nature. 

Speciation 

The amount of geographic variation in the Australian Crac- 
ticidae is great, especially in view" of the relatively large body 
size. There are some 10-12 isolates of varying degrees of dif- 
ferentiation w'ithin the confines of the continent. 

'Tasmania has tw "0 isolates so di.stinct that they must be re- 
garded as approaching, if tliej^ have not already reached, the 
status of genetic species: Strepera (graculina) fuliginosa and 
/S', (versicolor) arguta. The southw"estern isolate of the magpie, 
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Gymnorhina {hypolciica) dorsalis, is also generally recognised 
as having achieved that degree of morphological differentiation 
typical of a species. Lesser isolates occur in Cracticns torqnatus 
(Tasmania), C\ quoyi (eastern Cape York), Gymnorhina tihiccn 
(2, one of Croote Eylandt and the other in the Macdonnell 
Kange section of the contiiKBit ) , and in G. hypolciica (Tas- 
mania) (Amadou, 1951). 

By far the most interesting species, from the viewjioint of 
differentiation in isolation, is Strcpera versicolor. It has isolates 
in the Everard-Musgrave Kanges of central Australia (cen- 
tralia), southwestern Australia (plumbea) , and on Eyre Penin- 
sula (intermedia) , the last separated from the nearest relative 
(to the east) by a mere 20-mile wide water gap. Forms in 
southeastern South Australia (melanoptera) and in the Vic- 
torian mallee (howei) are now, apparently, secondarily con- 
nected with each other, and with the nominate form to the east, 
by minor hybrid zones. 

Beyond the confines of the continent, Gymnorhina tihiccn 
has a moriihologically differentiated isolate in southern New 
Guinea, and Strepera gracidina has one on Lord Howe Island. 

Gracticus mentalis, possibly the most primitive member of 
its genus (Amadou, 1951), has presumably invaded Cape York 
from New Guinea where it now co-exists with C. torquatns. If 
this species is, in fact, its nearest relative this is the only 
demonstration of the final stage in the speciation process to be 
found in the Cracticidae. 

Hybrid zones occur between the “species” Gymnorhina hypo- 
leuca and (/. tihiccn in southern New South Wales-northern 
Victoria, and between the races of Strepei'a versicolor in eastern 
South Australia-western Victoria. It is probable, moreover, 
that the intergradation between forms within Cracticns torqiia- 
ius and within C. nigrognlaris, in the north and west of the 
continent, is also secondary. The hybrid zone between Gymnor- 
hina hypolciica and G. tihiccn, extending as it does almost 
throughout the length of the ^lurray Valley (some 8U0 miles j 
requires proper stud}" to determine whether or not it is stable 
or whether one form is extending at the expense of the other. 

Colour and size dines occur in mostly widely ranging mem- 
bers of the Cracticidae within Australia (see Amadou, 1951). 
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Family GKALLINIDAE 
(Alud-nest l^iiilders) 

The speeies eomposing the Australian iiiiid-iiest builders fall 
into thrive monotypi(' j^eiiera ; (iraUina cyanoU uca, StrutJiidcn 
cincrai, and Corcoraj: iuelanorhamphos. A fourth member of 
the »'rou]), Pomarcopsis hruijiii, is eonfiiied to New Guinea. 

Speeiation 

Xone of the Australian Grallinidae vary geographically. 

Family PTILOXORIIYXCIHDAE 
(Bower-birds) 

The boM’er-birds ai‘e iiurely an Australo-i^apuan group, Mith 
b species being confimHl to Australia, !) to XTnv Guinea, and 2 
being shared. 

The Australian species occupy a range of habitats from the 
dry interior to the eastern rain forests. The latter vegetation 
association is richest in species. Two species, the monotypic 
Sc( nopocctcs (h ntirostris and Pviomdiira lu wtoniana, are re- 
stricted to the highlands of the Atherton rain forest tract. There 
are no boMcr-birds in Tasmania. 

Seasonal movements in the bower-birds are restricted to a 
local nomadism that has little effect on speciation trends. 

Speciation 

Thei’e are no instances of recently completed speciation in 
terms of range overlap by closely related sjiecics. All degrees 
of differentiation in i.solation, ho\vever, occur (Mayr and den- 
nings, The rain foi'cst species Ptdouorhynclius violaceus 

and Aiiurocdus crassirosfris, restricted to eastern Australia, 
each liavt* di.stinctivc southern and northern forms that are 
isolated from each other. The southern form of the latter is 
approaching that stage of ditferentiation typical of a species. 
In both cases the range gap is about 600 miles. Within the 
savannah grassland Chlamydcnv maculaia there are eastern 
[))iacidata) and western {yuttata) forms isolated by the general 
Simpson dt'sert. ar(*a along the eastern border of South Au- 
stralia. Tlu'se tM'o art' a])i)roaching, or hav(' reached, that stage 
of ditferentiation ty])ical of species. Here the range gaj) is 
apparently -tOO-oOO miles. In G. mududis western and eastern 
ftirnis are coniu'ctcd by a marked stc]) in a dine (M’estern 
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Queeiishiiul), iiidii*atiiig socoiidary iiitor^radatioii lu'twtH'ii j)re- 
viously sRi)aratod popidatioiis (^layr and deniiinos, 1952). 

3die savaniiab woodland ClilanujcUra ccn'inivniiris extonds 
to New (Juinea without difterentiation. Tlie rain forest Aihtro(- 
dus crassirostris. liowever, lias a ranj^’e of racial forms in New 
(iiiinea. 

riinal variation oeeiirs in the Australian bower-birds in 
Snirulus (‘hrysoccpludus, Cldamydcra macidata, V. ccrvinivcn- 
tris, and C. nuchalis. 

Vlll. THE MECHANISM OF SPECIATION ON THE 
AUSTRALIAN (dlNTTNENT 

The Nature of Ceojrraphic Variation in speeies. (Quantitative 
Treatment 

The nature of the variation in the 425 speeies eonstituting 
the sample is summarized on Table 3. Each speeies is graded 
aeeording to whether it is monotypie or polytypie. The poly- 
typic speeies are divided into those with elinal variation only 
and those witli morphologically differentiated isolates, the num- 
ber of the latter both within and beyond Australia (section to 
the east of Wallace’s Line) being given. Where speeies are 
members of superspecies groups, this is stated. The isolates 
within Airstralia are subdivided into two groups; those with 
moderate to marked differentiations and those with slight dif- 
ferentiation. Finally, the number of hybrid zones (if any) is 
stated for each species. 

The speeies sampled (425) are subdivisible as follows:--- 



iMonotypic species: 188 

Polytypic speeies with 

elinal variation only: 99 

with isolates : 138 

TOTAL; Polytypic sp(‘cies: 237 



In terms of percentages tlieii, it will be seen that 44 per cent 
of the si)ccies sampled (including those that are geographically 
rei>reserdati ve) are monoty])ie, and 23 j)er cent have elinal varia- 
tion only, whilst 33 per cent have isolates in Australia. 

The numbm- of morphologically differentiated isolates totals 
213-220, averaging 0.5 per si)eeies for the fauna as a whole, 
and l.() per speei<*s for the 138 that have them. Of the isolates, 
59 (27 i)cr cent) have differentiated to a marked or moderate 
degree, and 154-161 (73 i)er cent) are but poorly differentiated. 
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Not included in the calculations are populations, particularly 
of sclerophjdl forest species in Tasmania and the southwest, 
that are isolated but have not undergone any differentiation. 
The majority" of these either have been isolated too short a time 
for differentiation to occur or are “conservative” species. 
Nevertheless, it should be recognised that such forms represent 
the first stage in the speciation process. Excluding these, it 
can be said that over 200 forms on the continent are potentially 
new species. One species, Pachycephala pectoralis, has 5 to 7 
isolates. 

Hybrid zones, indicating isolation that broke down before 
the differentiating stocks had reached specific level, occur in 
30 species. 

Examples of Species Formation and Intermediate Stages in 
the Speciation Process 

The revieu’ demonstrates that active species formation is not 
only occurring today in most bird families but in almost every 
})art of the continent. All speciation is spatial (geographic). 
There is no suggestion that it is occurring anywhere sympatric- 
ally (see Section XII). 

Reference to Table 3 shows that the number of minor and 
major isolates in the Australian avifauna is large. Of even 
greater significance, however, in considering examples of inter- 
mediate stages in the speciation process are the many isolates 
that are mnv as, or more, different from their parental stocks 
than (genetically) proven species in their genera. These are 
the semi-species of Mayr (1942, p. 165). Finally, there are 
various instances of recently completed speciation, as demon- 
strated by marginal overlaps Muthout interbreeding. 

The families and subfamilies in which the full range of inter- 
mediate states in the speciation process occur 'within Australia 
are as follows: Accipitridae, Psittacidae, JMenuridae, Campe- 
phagidae, Muscicapinae, iMalurinae, Sittidae, Dicaeidae, Meli- 
phagidae, (.h-acticidae. Possibly the Columbidae and Ploceidae 
also come into this category for Gcophaps scripta and G. smithi 
in the former, and Pocphila acuticanda and P. cincia in the 
latter, could actually be examples of the final stage in the 
speciation process, and not just unusually distinctive isolates. 
Tiios(> families that have Australian isolates at all stages of dif- 
ferentiation are : Ardeidae, Atrichornithidae, Timaliinae. In 
the Turnicidae, Alcedinidae, Silviinae, Zosteropidae, and Orioli- 
dae, there are morphologically ditferentiated isolates of lesser 
degree. 
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Iiistaiiees of Mayr's “proofs” of geographic speeiatioii, i.e. 
the existence of snperspecies, marginal overlaps, double inva- 
sions, and cii-cle formation, occur in Australian birds as fol- 
lows : — 

(a) Superspecies 

Almost one-third of Australian bird species belong to supei-- 
species groups (column 6 in Table 4). Depending on the group, 
these lie mainly outside of, or within, the limits of the continent. 
In the long view, of course, several of the larger Australian 
birds are direct counterparts of species occurring in other parts 
of the wmrld, e.g. the eagle Aquila aiidax is closely related to 
the Palaearctie Golden Eagle, Aquila chrijsactos. (Those species 
that belong to superspecies groups to the west of 'Wallace’s Line 
have the figures in brackets.) Species belonging to superspecies 
centered in the island sector to the north of Australia and east 
of Wallace’s Line include members of the families Columbidae 
(e.g., Macropygia phasianella) , Psittacidae {TricJioglossus luo- 
luccaniis), Alcedinidae {Ilaleyon sancta and II. chloris), Cam- 
])ephagidae {Coracina tenuirostris) , Museicapinae {Arses kaupi, 
Monarcha melanopsis, Ilcteromyias cincrcifrons) , Malnrinae 
{Gerygone (igata) richmondi), Dieaeidae {Dicaeum hirundi- 
iiaceuui), ]\Ieliphagidae {Myzomcla dibapha, Mcliphaga notata). 
and Ploceidae {Erythrnra trichroa, Lonchura jtaviprymna) . 

]\Iany superspeeies groups are confined to the Australian 
continent. These include those in the following families and 
genera: Golumbidae {Gcophaps) , Psittacidae {PJatyceveus^ Bar- 
uardiiis, Psephotus, and Neophema), Museicapinae (Petroica), 
Malnrinae {Gerygone, Sericornis, Amytoniis, Stipiturus, and 
Mai unis), Sittidae {Clhna-cteris) , Dieaeidae {Pardalotus) , Meli- 
phagidae {Melithreptns, Acanthorhynchus, Meliphaga, Antho- 
chaera), Ploceidae {Zonaegmthus, Poephila), and Cractieidae 
{Gymnorhina, Strepera ) . 

(b) Marginal overlap of Recently Evolved Species 

Some examples of this are as follows:— 

Psittacidae : Neophema elegans, N. chrysostoma, and X. ehry- 
sogaster, overlap in parts of Victoria and South Australia. 
Areas of maximum concentration today suggest that N. elegans 
has arrived, secondarily, from the west, and V. chrysogastcr 
from Tasmania. 

Campephagidae : Coracina vobiistus and C. papuensis co-exist 
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ill the Cjiinis-Atherton area of t^Kieeiislaiid, th(‘ latter presiim- 
ahly bi'iii”' tlu‘ more recent arrival. 

Muscirapinae : Pctroica rosva and l\ rodinogastcr now breed 
together in southern ^detoria. The latter developed in Tas- 
mania. 

Pach pcrphala rufocjularis and 1\ inornata overlaj) in the 
mallee of Victoria, the. latter apparently being a secondary in- 
vader from the west of the continent (Fig. 13). 

Malurinae: Amytornis tcxtilis and A. modcstus both breed 
in the iMacdonnell Ranges, the former having colonized the area 
from the west, and the latter from the east (Pig. 17a). 

Ilylacola cauta (western) and II. pyrrhopygia (eastern) now 
overlap dist.ributionally in the Bendigo area of Victoria. 

Siftidae: Cliryiactcris pmamaw (Didanota) and ('. mdanura 
co-exist at the head of the Gulf of Carpentaria, the latter being 
an invader from the west (Fig. 22). 

Dicaddac: Pard(dotus suhsfriafus and P. mdavoccphcdus live 
together in coastal eastern (Queensland, the latter obviously 
being an invader from the north of the continent. 

M diphagidac : Mdithrcpfu.^ lunatu.^ and 3/. (dbognlaris occupy 
the same si>atial relationship to each other as do Pardalotus 
blit ill this case the overlap zone extends for several hundred 
miles (Fig. 23). M yzaniha mdanoiis and M. fiavigida occupy 
adjacent zones in the \detorian mallee area, the former appar- 
ently being an “old” mallee form and the latter the reeent 
invader. 

Cracticidac : drcKdicus torquatus and C. mcntalis co-exist in 
Cajie York, the latter jmssibly being a recent colonizer from 
Xew Guinea. 

The co-existence of Mcnura )wvac-hoUandiac and M. alhcrti 
in adjacent areas in northeastern XeM’ South Wales and south- 
ern (Queensland is also an instance of range junction or overlap 
l)etween related speeies though, in this (*ase, obviously not a 
very recent one. 

(c) Double Invasions 

These, of Conroe, are s]iecial eases of range overlap. They 
occur in two main areas: northern Australia, and Tasmania. 
There are also om‘ or two apiiarent instances in southwestern 
Australia. 

Entry into the Australian continent is only possible at a 
couple of points: through Cape York and, to a lesser degreiN 
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throiigii the northwest corner. Tropical invaders can mostly 
only colonize down the coastal rain forest and monsoon forest 
tracts. This enables a fairly cleai* picture to be gained of the 
significance of double invasion in the speoiation of Australian 
birds. 

Colonizaiion of northern AiiatraUa from the Ncir Guinea- 
Timor segment: 

(i) Mcliphaga lewini, M. noiata, and M. gracilis (honey- 
eaters). These three rain forest s])ecies now co-exist in the 
Cairns-Atherton area and represent successive waves of, and 
degrees of differentiation from, the ancestral stocks in New 
Cjuinea (Fig. 24). 

(ii) Philemon argentieeps and P. novaeguineae (boneyeat- 
ers). In this case P. argentieeps, extending widely over the 
north of the continent, represents the first wave of colonization. 
Subse(|uent waves have independently entered Cape York {P. 
novaeguineae yorki) and Arnhem Land {P. novaeguineae gor- 
doni) (Fig. 26). 

(iii) Coracina rohusta and C. papuensis (cuckoo-shrikes) ai’c 
examples of an “old” Australian species (but whose ancestors 
must have enteri'd from the tro])i(‘s) being secondarily contacted, 
in the north of its range, by a later invader. 

(iv) The two species of teal ducks (.Law eastanca and A. gih- 
herifrons) , and the hovering kites (Elanus serij^tus and E. 
notatus), represent somewhat older cases of si)eciation by double 
invasion. They now co-exist over a lu-oad area. 

(v) ^lr.sc.9 kaupi and ^1. teleseophthalmus loiualis (flycatch- 
ers) and Meliphaga maeleayi and M. ehrysotis (honeyeaters) . 
In these cases the earlier and later arrivals, though isolated 
from each other in the Cairns-Atherton and (*ape York sections, 
respectively, are so distinct that they must be genetic species. 

(vi) Various infraspecific forms. “Simultaneous” invasion 
of Arnhem Land and Cape Yoi'k l)y different races, which 
remain isolated in xVustralia, can be seen in Butoricles strmtus, 
Myzomela erythroeephala, and others. In a few cases a second 
wave of colonization l)y a stock, entering the continent at a 
common point, now hybridizes with the earlier oiu'. In Aeeipiier 
fasciatus such hyl)ridization occurs over a broad front. In a 
few species, the later invader has not yet contacted the earlier 
one. Monareha trivirgata is an example of this, the New (luinea 
race occupying (ktj)e York and the Australian one the country 
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to the south of the l^rinces.s Charlotte Bay dry barrier, as iii 
“ (v) above. 

Colonization of Tasmania from Australia: 

(i) Aeanthiza mvhigi and A. pusilla (Maliirinae) . In this 
case A. cwingi represents the derivatives of the earlier v^ave 
and A. pusilla (race dicmcncnsis) the later one. 

(ii) Pardalotus quadragintns and 1\ pnnctatus (Dicaeidae). 
This is a parallel case, with P. quadragintus the earlier element. 

(iii) The two insular “species” of Strepcra (arguta and 
fuliginosa) could represent a double invasion of the island by 
one or the other of the mainland species, i.e. either S. versicolor 
or Si. graculina. Most workers feel, however, that a representa- 
tive of each is involved. 

Colonization of the sclerophyll forests of the southwest corner 
of the continent from the southeast: 

Double invasion of the isolated pocket of sclerophyll forest in 
southwestern Australia by the robin oenus Eopsaltrm would 
appear to be the explanation for the occurrence there of two 
sj)ccies, E. georgiana (representing- the descendents of the 
earlier wave) and E. australis (griseogularis) . Speciation in the 
Malurus lamherti complex could be accounted for by at least 
one of the species advancing from the east around the head 
of the Creat Australian Bight. 

(d) Speciation by Circle formation 

The only real instance of this in Australia is in the parrot 
Idatgcercus elegans (Fig. 11). 

The honeyeater, Meliphaga versicolor, in that it developed its 
differences in Nev^ Cuinea and from there has reinvaded 
Australia to occupy zones adjacent to its near relatives iii. 
rirescois and M. fasciogularis, presents, to a degree, a parallel 
in the north of the continent (Fig. 2o). The white-breasted 
races of the finch, Ncochmia phaeton, have had a similar origin. 

Classiheatory Position and Speciation 

As will be seen from Table 4, summarizing the results in 
terms of families, there is a considerable amount of variation 
in the “speciation potential” of the different bird groups. 

The hawks have only about 3 isolates in Australia and the.v 
are poorly differentiated ones. The larger v^ater birds (grebes, 
herons and ducks) demonstrate similarly Aveak tendencies. In 
the case of the herons onlj' 5 isolates are developed in Australia. 
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The ducks liave no continental isolates though several occur 
in the Rallidae. 

Large water birds have a very slow evolutionary rate, Howard 
(1946) having shown that many of them have not changed 
skeletally since the IMioeene. 

The pigeons (Columbidae), inhabiting a wide range of habitat 
types, have 10-11 isolates in Australia and, since they total 22 
species, approximately reflect the average for the avifauna as a 
whole (0.5 isolates per species). The parrots (Psittacidae), 
equally diverse in habitat requirements, have 17-18 isolates in 
33 species. Many of the species in this family, are, however, 
geographically representative. The ratio of isolates to species in 
the kingfishers (Aleedinidae) is 4 to 10. 

In the cuckoo-shrikes (Campephagidae) there are 7 isolates 
in 8 species (1.0 per species). This is a figure typical of manj’ 
of the small passerine groups, e.g. Maliirinae with 61-62 isolates 
in 69 species, and the Museicapinae with their 33-35 isolates in 
43 species. The latter groups, it should be noted, are largely 
composed of sedentary species. 

The iMeliphagidae have 18 isolates in 67 species, although 
here again there are a number of geographically representative 
species. The Estrildinae, most of which are restricted to the 
north, have 6 isolates in 18 species. The Artamidae, which 
have continuous ranges and are nomadic, have no isolates in 
6 species. 

The endemic Australian Craetieidae, all of which are rela- 
tively large birds, have 11-12 isolates in 11 species. In this 
case, however, 4 of the latter are actuallj^ of uncertain genetic 
status so that the actual figure may be 1.5 isolates per species. 

The family to which a species belongs can be seen to influ- 
ence its potential for giving rise to new species not through 
any innate genetic characteristic so much as through what might 
be described as its “ecological attributes.” Included in these 
are body size and general mobility (large birds require a larger 
foraging area than small ones), nature of seasonal movements, 
type of food “niche” occupied, and habitat. Small insectivorous 
birds commonly live in a habitat that is specialized and re- 
stricted, and have poor dispersive capabilities. 

The influence of the “history” of a group on speciation pat- 
terns is seen in the interesting differences between the flycatcher 
subfamilies IMuscicapinae and Malurinae. The bulk of the 
genera in the latter are true endemics and speciation is taking 
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place almost wholly within the continent. The Muscicapinae, 
however, whilst they do contain endemic genera, are best de- 
veloped in the tropics and most of the isolation and speciation 
is taking place either outside of Australia or between New 
(tuinea and Australia. 

Habitat Specificity and Speciation 

As noted, the majority of Australian bird species are re- 
stricted to, or reach the peak of their abundance, in one or 
another of the basic vegetation formations. Thus, as will be 
seen from Table 2, 16 per cent are rain forest dwellers, 16 per 
cent live in sclerophyll forest, 2 per cent in mallee, 4.5 per cent 
in mulga, 3 per cent in desert (spinifex) grassland, 3 per cent 
in mangroves, 14 per cent in swamps and marshes, and so on. 
The remainder are less specific but nevertheless are oriented to 
one or the other of the ‘‘intermediate-type” habitats of savan- 
nah woodland (28 per cent) and savannah grassland (11.5 per 
cent). 

That the habitat categoyv into which a species falls has an 
important influence on its potential for developing isolates and 
hence undergoing speciation will be seen from Tables 5 and 6. 
Thus the 70 rain forest species sampled have 31 morphologically 
differentiated isolates (0.5 per species). In addition to some 
recently developed geographically representative species (in 
Tasmania and southwestern Australia) the 80 sclerophyll forest 
species have 71-72 isolates (1.0 per species). The 113 savannah 
woodland species have 61-64 isolates (0.5 per species), the 44 
savannah grassland species 10 isolates (0.2 per species). Ten 
mallee species have 4 isolates (0.4 per species). Fifteen mulga 
species have no isolates. Fifteen desert grassland (spinifex) 
species have 8 isolates (0.5 per species), 16 mangrove species, 
10-11 (0.6 per species), and 54 swamp species only 11-12 (0.2 
per species). The 9 species placed in the miscellaneous habitat 
category (e.g., Lophophaps phimifera, Epthianura crocea) have 
7-8 isolates (0.8 per species). 

If the figures be expressed as percentages (Table 6) it will 
be seen that of the total isolates about 14 per cent are rain 
forest forms, 33 per cent are sclerophyll forest birds, 30 per cent 
belong to savannah woodland, 5 per cent to savannah grassland, 
2 per cent to mallee, nil to mulga, 4 per cent to desert grassland 
(spinifex), 5 per cent to mangroves, 5 per cent to swamps and 
marshes, and 3 per cent to miscellaneous habitats. 
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One of tlie significant facts revealed by Table 6 is that the 
bulk of the morpholog-ieally differentiated isolates or “inciiiient 
species” in Australia are coining from species that are pre- 
dominantly inhabitants of sclerophyll forest and savannah 
woodland. These account for 813 per cent and 80 per cent, re- 
spectively, a total of 68 per cent of all isolates. In contrast with 
the tropical rain forest and mangrove habitats (that are mostly 
restricted to the northern fringe of the continent) these are 
‘‘true Australian” vegetation formations. They have the com- 
bination of being extensive, biotically rich, and yet are broken 
up into several isolated tracts. In these regards they contrast 
with the dry-country vegetation formations, the savannah grass- 
land, mulga, malice, and spinifex, and with the swamp-river 
habitat. 

The highest proportion of isolates that can be described as 
well differentiated, as compared to slightly differentiated, occur 
in savannah woodland (82 per cent), sclerophyll forest (28 
per cent), and rain forest (22 per cent), respectively. 

Hybrid zones are most numerous amongst the inhabitants of 
the savannah woodland, sclerophyll forest, and savannah grass 
land habitat.s, accounting for 54 per cent, 24 per cent, and 18 
per cent of the figures, respectively. The savannah areas, occu- 
pying “intermediate” climatic zones are presumably the most 
sensitive and responsive to minor climatic shifts. Sclerophyll 
forest and savannah woodland have, more than any other asso- 
ciations, been subject to alteration by human settlement. 

Species in Avhich the only variation is of a clinal nature are 
most numerous in savannah woodland (48 per cent), sclerophyll 
forest (14 per cent), and savannah grassland (16 per cent). 

Species that do not vary geographically are also most numer- 
ous in savannah Avoodland (many of the inhabitants of which are 
nomads, with others restricted either to the north or south), 
swamps (most inhabitants nomadic), rain forest (most are New 
Guinea immigrants restricted to the far north), and sclerophyll 
forest (many restricted to part of the southeast or Tasmania). 

Species with isolates beyond Australia belong mainly to four 
habitat categories in Australia : mangroves, rain forest, selero- 
phyll forest and savannah woodland. In the case of the first 
two of these, this is to be expected as these vegetation formations 
have a wide distribution through the tropics. That so many 
sclerophyll and savannah woodland birds are involved might 
seem strange. The explanation is that the species concerned 



402 



BrLLETlX: MUSEUil OF (’OMPARATIVE ZOOLOGY 



are those that already exhibit a fairly wide degree of habitat 
and ecological versatility in Australia, so that adjustment to a 
new habitat in the islands apparently presents no problem. 
Examples, and the number of isolates beyond Australia, are: 
the hawks {Aviccda suhcristata (12), Accipitcr uovaehollandiac 
(19), A. fasciatns (6) ; the cuckoo-shrikes Coracina papuensis 
(9) and C. tniuirostris (18) ; the whistler Pachyccphala pcctor- 
alis (51) ; the wood-swallow Artamus lencorhynchus (7) ; the 
dove Geopelia striata (3) ; the honeyeater Phdemon novae guineae 
(8) ; and the white-eye Zosterops lateralis (6). The rain forest 
Rhipidiira rufifi'ons, by contrast, is an example of a species with 
a restricted habitat tolerance in Australia but that exhibits 
ecological versatiliTv in the southwest Pacific where a number 
of diverse islands are occupied. 

Seasonal Movements and Speciation 

The influence of seasonal movements on isolation and specia- 
tion is summarized in Table 7. Two-thirds of the sedentary and 
migratory species vary geographically. Only one-quarter of the 
nomads, however, do so. Almost all of the isolates, as well as 
the hybrid zones, occur in the sedentary species. The number 
of morphologically differentiated isolates and the number of 
isolates per species for the three categories is as follows : 



Xumber of 

Morphologically ilifferen tinted 


Xumber of 
isolates 


Sedentary species 
294 (69%) 


isolates in Australia 

191-196 


per species 

0.65 


South-north mis?rants 
32 (8%) 


15-17 


0.50 


Nomads 
99 (23%) 


7 


0.07 



It will be seen that the nomadic way of life virtually elim- 
inates any chance of isolation and speciation developing. This 
is brought out in equally striking fashion by the individual bird 
groups. The hawks and large water-birds are mostly nomads. 
AVithin the parrot family the nomadic Melopsittacus (Fig. 9) 
and Leptolaimus do not vary, whereas most genera composed 
of species that are essentially sedentary or resident, like Psopho- 
tus and Platycerciis, have many isolates. Parallel cases are the 
nomadic Certhionyx and Grantiella amongst the honeyeaters, as 
compared to most members of Melipliaga. Eptliianura, amongst 
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the Maliirinae, and Arfamus, in the Artamidae have, on th(‘ 
one hand, sedentary species that show geographic variation 
and, on the other, nomadic species tliat do not sliow any at all. 

South-north migration, by contrast, does not preclude the 
development of geographic variation and isolation, in part be- 
cause many of these undertake seasonal movements over ])art 
of the range only, e.g. Zostvrops lateralis and Gcrygone olivacca. 
The relationship between variation and south-north migration 
in the eampephagids CoracUia iwvachollandiae and C. tenuiro- 
stris has already been discussed. A reasonable inference with 
resiiect to most true south-north migrants in Australia is tliat, 
since they tend to inhabit the fertile coastal strip, they are able 
to return to the same areas to breed from year to year. This 
contrasts with the situation in nomads like Eptliianura tricolor 
and Lalage tricolor which, though there is a south-north com- 
ponent to the movements, concentrate for breeding where sea- 
sonal conditions are maximal. 

IX. OBOGHAPIllC ISOLATION 

An understanding of the barriers initiating speciation in 
Australian birds necessitates a detailed review of the distribu- 
tion of the major vegetation formations in the light of those 
bird siieeies living in them. 

Terrestrial Isolating Barriers 
(a) Bain Forest 

Uain forests are confined to the eastern seaboard and are 
broken up into a series of tracts and pockets (Fig. 5). There 
are, however, three main areas: (i) Cape York, (ii) Cairns- 
Atherton, (iii) and South Queensland-northern New South 
Wales. Each of these has some striking ornithological elements, 
the Cairns-Atherton section being particularly rit'h in this re- 
spect. 

(i) The Cape York rain forest tract: The.se forests are 

chiefly of signifieanee in that many New CTiiinea species have 
recently colonized the northern section. There are some L5 
of these species, most undifferentiated: Amaurornis olivaceas, 
Probosciger aterrimns, Larius roratus, Geoffrogas geoffroyi, 
Syma torotoro, Podargus ocellatus, Caeomantis castaneiventr'is. 
Pry modes s}(perciliosus (also on Kojier River), Microeca grisei- 
cepsy Trcgellasia leucops, Monareha frater, Serieornis heecarii, 
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Craapcdoplwra magnifica, Glijcichaera faUax and Mcliphaga 
cbrpsotis. In several polytypic rain forest species the Cape York 
form represents a recent, independent wave of colonization from 
Xew Guinea, e.g. Megaloprepia maynifica. 

The only species endemic to the Cape York rain forests is 
the honeyeater Trichodcrc cockcrdli. There are, however, sev- 
eral distinctive races that have differentiated there, e.g. 
tflcscophthabmis lorealis. 

Ornithological data suggests that the Cape York rain forests 
have had the following history. They figured as “bridges” 
in earlier waves of colonization of the Cairns-Atherton forests 
by New Guinea species, but subsecpiently h.ecame reduced to 
such an extent that they coiihl no longer sipijairt some of these 
forms. They have recently expanded again, 1 nt not to their 
former extent. The evidence for this is that a couple of genera, 
and species, recpiiring dense rain forest conditions, occur in 
Xew Guinea and in the Cairns-Atherton area, but not now in 
the intervening Cape York rain forests, e.g. the robin Ilctcro- 
mifias, the log-runner Ortlwnyx and, apjiarently, the swiftlet 
CoUoecdia spodiopyyia. Again, the endemic bower-bird, Priono- 
dura ncwtoniana, has X’ew Cininea affinities. It is j)resumed that 
these forms became secondarily exterminated from the Cape 
York area. Tate (1952) finds similar distributional anomalies 
in the mammals of northeastern Australia, and feels too that 
these can only be explained in the above manner. An interesting 
alternative suggestion is, however, advanced. This is that, when 
Torres Strait was dry land and the climate was wetter, the 
confluence of the rivers flowing southwards from PajHia must 
have approached that of the Australian ones flowing northwards 
across the Gulf of Carpentaria, The aecompanying riverside 
forests would conceivably have i)rovided a migration route from 
Xew Guinea to Atherton that by-passed Cape York. 

As noted, there is currently much colonization of northern 
Cajie York by X"ew Guinea species suggesting re-establishinent, 
or expansion, of this habitat. 

(ii) The Cairns-Atherton rain forests: These are (piite ex- 

tensive and. in terms of the number of species endemic to them, 
are of considerable significance. There are some 8 such species- 
llcteromyias cinereifrons, Cotluricincla boiveri, kaupi. 

Oreoscopus yiitturalis, Meliphaga frenata. and 4/. macleayana, 
Prionodura newtoniana and Scenopoeetes dentirostris (both 
bower-birds). Some 25 rain foi’est and sclerophyll forest species 
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liave isolates of iiifraspeeifie rank here. They include Acnnthor- 
hynehus tcnuirostris, Ainox novac-scelandiac, Cliiuaetcris Inico- 
phaca, Eopsaltria capita^ Pacliycephala pcctoralis, Gcryyonc 
{iyatu) richmondi^ Acanthiza nana, Ac.a)}ihiza pnsilla, and 
Opopsitta diophtlialma. 

There can be no doubt that the elevated and dissected Atherton 
area is a “refujre’' of lon^- standing. The rainfall today exceeds 
80 inches per annum and in one small section reaches 100 inch(‘s 
j)er aiiiuim. It is [)robahle that even in the event of a marked 
reduction in overall continental rainfall this sector would still 
l)e covered with rain forest. 

(iii) The souGuru rain forest tracts: The.se extend from 

about the Biinya ^Mountains in southern Queensland to Dorriixo 
in central New South AVales. Thereafter they taper out as a 
series of small pockets. They are most dense and extensive in the 
Lamin^ton area on the Queensland-New South Wales boialer. 

Only between one-third and one-half of the true rain forest 
species extend south to this last sector. Within the 4()()-500 
miles of the tract, moreover, there is a steady falling olf in the 
number of species. A few, however, extend right through to 
the restricted, cold, subtemi)erate rain forests in the Dandenongs 
in Victoria, e.g. Mdiphaya Invini. 

Amongst the species endemic to the southern rain forests and 
associated wet sclei'ophylls are the liower-bird Serieulus ehryso- 
eephalus, the serub-bird Atriehornis rufeseens and the frog- 
mouth Podary us {ocellatus) pi ami ferns. A lyreJiird species, 
Menura albcrti. is confined to the elevated Lamington segment 
in the north, where there is also a race of the southern selero- 
phyll whistler, Pachycephala olivacea (macphersiona) . 

(iv) Barriers and Speeiafion: Speeiation occurs mainly be- 
tween the three major tracts. The two commonest patterns are 
for the Cairns-Atherton and southern tracts to be occupied by 
distinctive isolates and for the Cajie York and Cairns-Atherton 
tracts to be ])opulated by forms that liave reached a lesser degree 
of divergence. Exam])les are : — 

Species with a distinctive isolate in each of the three main 
tracts: Opopsitta diophthahna (see Fig. 10), Meyaloprepia niay- 
nifiea, Treycllasia capito-Ieucops. 

Species with distinctive isolates in the Cairns-Atherton and 
southern tracts only : Ptilonorhynchus riolaeeus, Ailuroedus rras- 
sh'ostris, Sericornis eitreorpdaris, and maynirostris. Geryyone 
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{igata) richmondi has, in addition, an isolate in the Bowen- 
Maekay tract. 

Species witli isolates in the Cape York and Cairns tracts only : 
MachacrirhifiicJiHs flaviveutcr, Mcliphaga auaJoga and M. gracilis. 
In the flyt-atchcr the two tracts arc ])opnlated hy separate 

species. The warbler Gcrijgouc palpchrosa has, in addition, a 
third isolate in the Mackay-Rockhampton section. 

The barriers breaking up rain forest tracts in Australia, and 
hence the distribution of rain forest species, have been listed by 
Tate (10r)2). They are areas of dry savannah, as follows : — Coen- 
Cooktown gap (southern Cape York), width 150 miles; Bunlekin 
gaj) (Townsville-Bowen), 125 miles; Mackay-Rockhampton gaj), 
possibly less complete, about 150 miles; Rockham}iton-Miriam- 
vale gap (near Bundaberg), 100 miles; Toowooml)a-Brisbane gap, 
75 miles. A number of the l)ird species appear to be absent from 
the whole section between about IMount Spec, near Townsville, 
and the Bunya ]\Iountains. In the ease of these, the effective dis- 
tributional barrier is some 400 miles wide. This is almost three 
times the distance between the Cairns-Atherton and Cape York 
tracts and explains the greater differentiation of many southern 
forms. 

It is obvious that the distribution of rain forest bird species 
in Australia today can only be explained in terms of greater con- 
tinuity of this habitat in the i)ast. In j)articular, the “pockets’’ 
between the Cairns area and the Bunya Mountains must for- 
merly have been larg(*r and more extensive. 

(b) Monsoon Forest 

Monsoon forests or pseudo-rain forests form narrow strips 
along many of the coastal rivers in the dryer north and north- 
west of the continent, an area of summer monsoon rainfall 
Sui)erlieially, they resemble rain forests but differ in their re- 
stri('t(‘d extent and relative diyness. 

IMonsoon forests, and the denser mangrove areas that are fre- 
quently adjacent to them, enable a number of eastern rain forest 
species to occur in the Northern Territory, There are about 12 
of these and, with the exception of only two or three (e.g. Chibia 
hractcata, Gcrijgone magnirosfris) , all are represented b}’ dis- 
tinctive northwestern isolates. Such species are: Rhipidina rufi 
fro7i.‘i, Piczorhynchu.s alccto, Drymodcs supcrciliosa and Poccilo- 
dryas supcrciliosa, Lalagc Icucomcla, Ptili^iopus rcgi)ia and 
Ghalcophaps iiidica, Myzo)ncla obscura and ,17. crythroccphala. 
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Only a couple of species of birds are restricted to the monsoon 
forests of the Northern Territory. These species, Gvrygonc chloro- 
nota and rtiliuopus {cincta) alligator, have colonized the coir 
tinent from western New (Ininea and the Snmha Islands, re 
spectively. 

The barrier separatin«’ the Arnhem Land and eastern popula- 
tions of rain forest species is the Gulf of Carpentaria and the 
dry country at its head, commonly leading to a range gap of 
400-r)00 miles. The northwestern form of the rain forest flycatcher 
Rhipidura rufifrous, however, secondarily extends as far east as 
western Cape York. 

(e) Sclerophyll PYrest 

The Australian sclerophyll forests are broken uj) into foiii’ 
sections, three of which are extensive (P^ig. 5). These are: (i) 
The southeastern section extending from north of the Dunya 
Mountains to the southeastern corner of South Australia (about 
1,^100 miles), and typically bordered by the sea and Great Divide, 
(ii) Tasmania, insular, about 170 miles from north to south and 
slightly less from east to west, mostly sclerophyll. (iii) South- 
west corner of the continent, a triangular section with a length 
of some IbO miles and a dei)th of GO miles, (iv) The IVIount Lofty 
Ranges and Kangaroo Island, two small, adjacent sections each 
measuring perhaps 100 by 20 miles. 

In the east of the continent, various species that are basically 
sclerophyll inhabitants extend through the wetter coastal savan- 
nahs of eastern Queensland well beyond the limits of the sclero- 
phyll forests proper. Again, in New South Wales, some extend 
a short distance inland through the denser riverside savannahs 
of the Mnrrumbidgee, Lachlan, and Murray, or into elevated 
sections to the west of the main range ( Warrnmbnngle Moun- 
tains and Grampians). 

The avifaunas of the four main sclerophyll areas may be 
summarized as follows : 

(i) Southeastern sector: The main sclerophyll fauna is here. 
Almost all southwestern and Tasmanian sclerophyll forms liave 
exact counterparts in the southeast, but the southeastern tract 
has various endemic forms absent from the others. The s})ecies 
restricted to the area include: Meuura novachoUaudiac, Alectura 
lathami, Pycnoptilus floccosus, CineJosoma j^^f'^K'lotuw , CaUoc(- 
pJialon fimhriatum, Dacelo novaeguineae, Acauthiza lineata. 
Petroica rosea, Eurostopodus mysticalis, McHphaga mclanops. 
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Mauorhia mdauophnjs. The various neetar-feeding lorikeets, eoii- 
fiiied to the east, can equally be regarded as sclerophyll forest 
or savannah woodland forms. 

(ii) Southwest : Two species only are iiniipie to this area. 
These are the i>arrot Purpurcici piialiis spurius, whose nearest 
relative is believed to l;e a New C'aledonian species, and the 
robin Eopsaltria (jeorgiana. The latter probably represents the 
descendents of the first of t\vo waves of colonization by the 
genus. Tm’o wrens, Mnlurus piilchcrrimus and M. clcgans, are 
no^v known to be genetic species, though their counterparts in 
the east are infraspecific. An additional 10 forms, though iso- 
lated from their eastern relatives, are so distinct morphologically 
that they must have, or probably have, reached specific distinct- 
ness : Calyptorhguchus haiidini, Atrichornis damosus, Scricornis 
macAilatus (extending into South Australia), 2lahirns sptendens, 
Neophema petrophyla, Platyccrcus icterotis, Climactoris rufa, 
Zonaeginthus oculatiis, (tyiuuorhiua dorsalis and Aeanthorhyn- 
chus siipcrciliosus. 

There are some 20 lesser isolates, mo.st of them differentiated 
to only a minor extent. Perhaps 10 sclerophyll forest species 
have undifferentiated isolates in the southwest. 

Southwe.stern Australia is remarkably rich floristically. For 
discussion of the flora, distribution maps of the various vegetation 
formations and factors delimiting them, see Gardner (1944 ; 1959 ) . 

(iii) Tasmania : The avifauna of this tract has a similar 
relationship to the continental southeast as does that of the 
soutlnvest. There is one endemic genus, the nionotypic Acan- 
tho7'nis, a small warbler-like bird. There are three proven gen- 
etic sjiecies ; Acanfhica cwiugi, Pardaloiiis (piadraginfiis, and 
Pctroica rodinogastcr. Lafhamns discolor, Neophema ehryso- 
gaster, and Pardalotns striatus, also occurring on the mainland, 
apparently originated in Tasmania. About 12 endemic Tas- 
manian forms are still isolated from their mainland relatives 
but exceed, or equal, the degree of differentiation tj^pical of 
species; Ti'ihonyx mortie)'i, Platycereus ealcdoniciis, Sericornis 
humilis, Petroiea vittata, Meliphaga flavicollis, Anthochaera 
paradoxa, Melithreptus affiuis, J/. (gularis) valiclirostris, Stre- 
pera fuliginosa and S. arguta (the last three the least distinct). 

Twenty or so of the mainland sclerophyll species have isolates 
on Tasmania that have attained a slight to moderate degree of 
distinctness, whilst perhaps a dozen are represented by undif- 
ferentiated populations. 
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(iv) Mount Lofty Ranges and Kangaroo Island: This area 
is merely an outlyer of the southeastern tract. Various species 
do not, however, extend througjh to here. 

In about 10 species, the jiopulations isolated here have under- 
gone a minor amount of dilferentiation, e.g. Rhylidonyvis pyr- 
rhoptcraf P. novachoUandiac, Acanthorhynchus tcnuirostris, Zos- 
tcrops lattralis, Stipiturus malachurus, Acanthiza lineaia, A. 
nana, .1. pHsilla, Sfrcpcra rersicolor, Cliniacteris Icucophaea. 
Gene flow has been resumed with the east in Zostcrops lateralis 
and Pachycephala pectoralis, presumably as a result of a minor 
amelioration in climatic conditions. In a few instances the 
Kangaroo Island populations have differentiated to a minor 
extent from the Mount Lofty ones (see Table 8). 

(v) Barriers and Speciation: Variation and speciatioii in 
the sclerophyll forest species follow a clear-cut pattern. They 
are typically broken up into three to four stocks. In a couple 
of instances there are differentiated populations in each of 
the tracts, e.g. Acanthorhynehus tenuirostris, Zosterops later- 
alis. The important trends, however, occur between Tasmania, 
the southwest, and soiuiieasi. 

Species with distinctive isolates both in Tasmania and in the 
southwest: Gy-ninorhina fibieen supers])., Platyecrcus e.rimius 
supersp.. Anthochaera earunculata supersp., Rhipidnra futigi- 
nosa, MelitJireptus lanatus su])ers])., Ph ytidonyris norae-Jwl- 
tandiae, PardaJotns pnnetatus su])ersp.. Acanthiza pusilla, Beri- 
cor7iis frontalis supersp., Strepera versicolor., Malurus cyancus- 
splenddis groiij), Gala month us f uJiginosns, Stipiturus malachu- 
nis, Pachycephala pccforalis, Turnix varia. 

Species with distinctive isolates in the southwest only, i.e. 
in which the Tasmanian stock (when present') has not differ- 
entiated: Zonacghithus hcUns, Pefroica multicolor. The follow- 
ing do not occur in Tasmania: EopsaUria australis, Phylidonyris 
niger, Dasyornis hrachypterus and D. hroaclhenti. 

Species in which the Tasmanian stock alone has differentiated : 
Phylidonyris pyrrhoptcra, Platyecrcus elegans sipiersp., neither 
of which occur in the southwest; Meliphaga leucotis supersp; 
Aquila audax, with a wide range over Australia, has a minor 
form in Tasmania. 

The four sections are isolated from each other by the follow- 
ing barriers : — 

Bass Strait. This has a width of 100 miles but intervening 
islands reduce the maximum water gap to 50 miles. 
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Coorong arid tract, soiitheasteru South Australia. This 90400 
mile wide section of sand and sparse scrub isolates the Mount 
Lofty Kang^es. 

Spencer Gulf. This deep coastal indentation is some 50 miles 
wide at the month. 

XuUarhor Plain and the Great Australian Bight. A vast tract 
of sparse and stunted desert vegetation, 500 miles wide, stretches 
westwards from Eyre Peninsula. It is this and Spencer Gulf 
that isolate the sclerophyll forest of the southwest corner, (see 
also page 43!).) 

There can he no doubt that the sclerophyll forests of south- 
eastern and southwestern Australia must at one time have ex- 
tended much closer to each other, or else that a tongue of 
“damp scrub” suitable as a bird habitat, joined them. Isolation 
resulted from, in all probability, post-Pleistocene climatic and 
sea-level changes. To what extent the arid Xullarbor barrier 
would have to be narrowed to permit an interchange of sclero- 
phyll birds between east and west cannot be stated. Some species 
are better adapted to dry conditions than others, as seen from 
the varying distances between eastern and western populations 
in different species (note Fig. 6 in Serveuty and Whittell, 1951). 
On the other hand, the 90-100 mile wide Coorong arid barrier 
is completely elfective in a large number of species. 

It is interesting to note that a couple of the sclerophyll forest 
s])ccies that occur both in the east and the southuTst are absent 
from the Mount Lofty-Kangaroo Island section, e.g. Eopsaltria 
australis, Phylidonuris niger, des])ite the occurrence of suitable 
habitat. This suggests that there has been secondary extinction 
in the region. ( )ii th(‘ oth(*r hand, a couiile of southwestern 
forms have secondarily crossed the Nullabor Plain to occur 
in the savannah woodlands of E.vre Peninsula. 

(d) Savannah Woodland 

Whilst many savannah woodland species occur throughout 
the range of the association there are distinct northwestern and 
southeastern com])oueuts. The former is richer. These could 
be said to inhabit the “tropical” and “temperate” section of 
the woodlands, respectively, although no real dividing line exists 
between them. 

Th(‘ vegetation maps show savannah woodland as extending 
in a broad belt through the eastern and northern sections of the 
continent (Fig. 5) hut bird studies demonstrate that there is a 
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major severanre of the fauna into northwestern (Arnhem 
Land) and eastern eomponents. There is, in addition, a minor 
ditferentiatioii in the ease of a few species as l)etween Cape York 
and the woodlands farther south. An extensive tract of country 
in the Ilamersley section of Western Australia, shown on the 
maj) as savannah grassland but containing various (predom- 
inently) savannali woodland bird species, and the isolated desert 
mountain ranges of central Australia, can also best be considered 
here. Melville Island, lying some 20 miles off Arnhem Land, 
has a few minor isolates. The restricted section of savannah 
woodland in southwestern Australia is of no significance orni- 
thologically. 

(i) Kimbcrhijs mid coastal Northern Territory: This tract 
contains many endemic elements, whilst others characteristic 
of the northern coastal fringe as a whole obviously originated 
here. Northwestern species without counterparts in the north- 
east include the rock pigeons Petrophassa alhipcnnis and P. 
rufipenuis, the finches Lonehura pertoralis and L. flariprymna, 
and the honeyeater Meliphaga alhilineata. Northwestern spi'cies 
with counterparts in the northeast are listed below. 

(ii) Cape York and northeastern Australia: This section 

is populated by virtually the same species, or their counterparts, 
as the previous one. In a few instances, however, it has been 
invaded by additional savannah species from New Guinea, e.g. 
the friarbird Philemon novaeguineae (yorki) and the white 
breasted race {alPiventer) of the finch Poephila phaeton. 

Speciation is actively occurring as between the northwest 
and northeast of the continent in savannah woodland birds : 
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Xortheastern Form Northwestern Counterpart 

Proven Species (contact without interbreeding) 

Climacteris picumnns (Ulmacff ris wrlanura 

mclanota 

Isolated forms that have obviously reached that stage of dif- 
ferentiation typical of species. 

Gcophaps }<mithii 
PI atyecrcns adaei ins 
Pocphila eincta 
Mahu'us dideei 

Well differentiated isolates 

Pscphotus e. 

chrysopt cry gins 
PocphUa persona fa 
leneotis 

Lesser Isolates 

Entomyzon c. cyanoiis 
and E. e. hedleyi 
Halcyon nr maclcayi 
X cos at a ch j -ysop t c ra 
Iciicocephahi and 
X. r. striata 
Myzom da cryth roceph ala 
kempi 

In addition to the above, it is probable that the honey eater 
Melithrcpfus albogularis, and possibly Pardalotns mclanoccpha- 
lus, develojied in northwestern Australia and are secondary 
inhabitants of eastern Australia (Fig. 23). 

(iii) Eastern Anstralia: Included in tlu^ savannah woodland 
inhabitants I'estricted to (.south) eastern Australia are Pcdiono- 
miis torcpiatns (plain wanderer), the honeyeaters Mcliphaga 
fusca and Pleetorhyncha lanecolata, and the finches Lonelxnra 
modcsta and Zonaeginthns gnttatns. Most of these are dis- 
tributed north to about 18 or 20-degree line of latitude, i.e. they 
do not occur on Cape York. 

Evidence of the (former) severance of Cape York and south- 
eastern savannah woodland s])eci('s is seen from the existenee 



Gcophaps script a 
Plaiyccrcns vcnnsfns 
Pocphila acnficanda 
Main rus amahilis 



P. c. dissimilis 

Pocphila p. 
hclchcri 



Entomyzon eyanofis 
albipcnnis 
Halcyon m. publa 
Xeositta chrysopt era 
Icueoptcra 

Myzomcla c ryth roec ph ala 
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of (listiiiet northern and southern forms in tlie tree-ereeper 
C. 2 ncummis mdanota and ('. p. pknmnus (Fig. 22), the fiy- 
eateher iScisiira iuquictn (Fig. 15), and the kingfisher Duccio 
novanjuimac. In these speeies the two forms are apparently 
still isolated. The fineh Vocphila cincta, however, has a hybrid 
zone at the base of (^ape York. 

(iv) llauurslcy section of inidivcstcru Austruliu: A number 
of speeies have distinctive isolates in this section. Amongst 
these are Coracina novacliollaudiuc, Pomatostomus tcinporalis, 
Dacclo Icachii, Gcopelia striata, G. humcralis, Ocyphaps lophotcs, 
now with a somewhat expanded range, and Climnctcris mcla- 
nura. Lophophaps })himifcra has a distinctive form (ferrn- 
ginea) amongst the rocky outcrops of the area. 

The range of typical savannah woodland forms in this section 
{Climactcris mclanura well si) will be seen in l^hgnre 22. 

(v) The mountains of central Australia : The desert moun- 
tains constitute a refuge and relict area for some plant and 
some invertebrate speeies, populations of which are isolated 
there hundreds of miles away from their nearest relatives on the 
coast (Keast, 1959d). Their existence is interesting evidence of a 
formerlj^ higher rainfall in central Australia. At the vertebrate 
level, the de.sert mountains are chiefly of significance in per- 
mitting a number of speeies to live in the interior of the con- 
tinent that Avould otherwise be unable to do so. 

Two savannah bird species have distinct isolates in the central 
mountains: Rhipidura fuliginosa, in the Levi Lange, and 
Strepera versicolor, in the Bverard Range. 

(vi) Melville Island: Some 6-8 Arnhem Land forms have 
minor isolates on this island (see Table 8). 

(vii) Barriers: There can be no doubt that the barrier 

isolating northwestern and eastern savannah woodland com- 
ponents is the tongue of dry country extending through the 
centre of the continent to the head of the Gulf of Carpentaria. 
The 30-inch rainfall isohyet reaches the sea here (Fig. 4). A 
better appreciation can, however, be gained from the climatologi- 
cal map (Fig. 4a), humid and sub-hnniid zones being isolated 
by an extensive tract of semi-arid country. A minor fall in sea- 
level would materially reduce the size of the Gulf. 

Differentiation as between Cape York and eastern savannah 
woodland speeies has probably taken place on either side of the 
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tongue of dry country (shoAvn on rainfall but not vegetation 
maps) extending through to the sea in the general Townsville- 
Burdekin Kiver area (Fig. 4). This was probably more effec- 
tive previously. 

The barrier cutting off the Ilamersley section from the north 
is the tract of the (Jreat Sandy Desert that reaches the sea in 
northwestern Australia in the vicinity of Eighty Mile Beacli, a 
barrier perhaps 80-100 miles wide. Another arid tract, covered 
mainly by niulga scrub, extends through to the sea in the gcmeral 
vicinity of Shark Bay. Thougli vegetated, this effectively keeps 
the advance elements of southwardly-colonizing savannah and 
grassland species of the Kimbcrleys from reaching southwestern 
Australia. 

The mountains of central Australia are surrounded l)y exten- 
sive tracts of arid sand-plain desert. 

(e) Savannah Grassland 

The ground-feeding grassland species and aerial feeders that 
require flat plain with scattered trees for perching are either 
confined to this habitat or reach their jieak of abundance here. 
These include several ((nail species, the chats Epihianura tricolor 
and E. anrifrons (the latter mainly an inhabitant of saltbush 
within the savannah), a conjile of siiecies of Malurus, and the 
cuckoo-shrike Ptcropodocys majim us. 

Savannah grasslands cover extensive areas of Australia. Their 
borders are sometimes poorly defined, there is interdigitation 
with other associations and, within the area defined as grassland 
on the main there are enclosed tracts and areas of savannah 
woodland, mulga and saltbush. Their continuous nature and 
the fact that a high proportion of the avifauna is nomadic ex- 
plains the virtual absence of isolation and speciation in the 
bird inhabitants of this habitat. 

Barriers: Nil. 



(f) Mulga 

]\Iany bird species inhabit mulga and adjacent associations 
(especially savannah grassland) to an equal degree. Only a 
few species are confined to mnlga so that the habitat is of 
limited significance ornithological ly. These include, however, 
the honej^eater Conopophila whitci and the tree-creeper Climac- 
teris afjlnis. 

The mulga tracts are continuous, or are made continuous 
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by iiiterdigitation of the dry-eoimtry vegetation formations. 
The small number of plant species composing them and their 
semi-arid to arid nature necessitate a certain amount of nomad- 
ism in their avian inhabitants. Neither isolation nor speciation 
arc to be found in mulga birds. 

Barrin's: Nil. 



(g) Mallee 

The mallee extends across southern Australia as a broad, dis- 
continuous belt. The main eastern and western sections, perhaps 
700 and 500 miles long, are separated by a gap of some 200 
miles. Such differentiation as is occurring in the 10-12 true 
mallee species (as distinct from those also inhabiting other 
habitats) occurs between these sections. In Lcipoa ocellata, 
Drymodcs hrunncopygiay and Vardalotus xanthogpygus there 
is no differentiation. It is slight in Bachycephala inornata, Cm- 
closoma castanotiim, Psophodcs nigrogularis, Glossopsifta por- 
phyroccphala, and marked in Stipiturus malachurus. In 3Iy- 
zantJia the eastern mallee form has now reached species status 
(M. mrlanofis) . In the genus Pachyccphala there is no doubt 
that the eastern species P. rufogularis also originated and de- 
veloped in that section. Amytornis striata and Calamanthus 
(fidiginosus) cam 2 )cstris, ranging widely through the arid 
country of the we.stern half of the continent, have distinctive 
isolates in the southeastern mallee. 

The distribution of mallee is associated with special edaphic, 
as well as rainfall, factors. The gap at the head of the Great 
Australian Bight (Nullarbor Plain) is due to edaphic, as well 
as rainfall, factors. Mallee occurs only on alkaline (limy) sands 
and is absent from stony lateritic areas. 

(h) Desert (Spinifex) Grassland 

(i) Stony (Gibber) Desert 

Arid sand-desert, with its large clumps of Triodia or porcu- 
pine grass, provides a limited but specialized habitat for several 
bird species, especially members of the genera Amytoryiis and 
MaUiruSy and Stipiturus rnficeps. The bare gibber deserts are 
the homes of Ashhyia lovensis, Aphelocephala pectoralis, and 
Cinclosoma cinnamomum. The two groups are differently 
adapted, dense cover being just as important to the former as 
it is unimportant to the latter. 
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The spiiiifex association is somewhat broken np by salt lakes, 
fjibl)or desert, and tracts of inulg:a. Only in Amytoruis, how- 
ever, do morphologically differentiated isolates oecnr. 

(j) Mangroves 

Whilst mangroves extend diseontinnonsly right around the 
Australian coastline, only in the northern two-thirds do special- 
ized mangrove bird species occur. 

In contrast with the other vegetation formations little precise 
information is available in the distribution of, and gaps in, the 
mangrove forests. Much isolation and speciation is taking place 
in mangrove bird species, however. 

Distinctive bird forms occur in the following areas: (i) Shark 
Hay {Butoridcs sti’iatus, Zosterops lutca (barely distinguish- 
able), Paehifcephala lanioides) ; (ii) JMidwestern Australia, 
(‘s])ecially the Ashburton and Point Gloat es sections {PacJup 
rephala pcctoralis, P. lanioides, Gcrygone {inagnirostris) icnc- 
brosa ; (iii) Derby-Fitzroy River area {P a chyceph ala pcctoralis) 
or Derby-Kimberley area generally {Zosterops lutca, Butoridcs 
striatus, Ocryyonc lacvir/astcr) ; (iv) Northern Territory-Arn- 
hem Land {Pachyccphala. simplex, Zosterops lutca, Gcrygone 
laevigaster, Butoridcs striatus, Pachyccphala lanioides, Cractiens 
quoifi : (v) Northeastern Queensland (Pachyccphala simplex, 
Butoridcs striatus, Cracticus quoyi) ; (vi) Eastern and soiith- 
(‘astern Queensland. The spc(*ies Mcliphaga fasciogularis and 
Gcrygone can tutor are conlined to this last sector. 

The mangrove heron, Butoridcs striatus, has the maximum 
number of niorj)hological forms amongst the mangrove species. 
The distribution of these forms corresponds generally to those 
in other mangrove species, as shown in Figure 8. 

Known gaj)s in mangrove distribution include the arid 
Eighty Mile Beach section and stretches of rocky and sandy 
coastline along the north (sec Vegetation Region map in Atlas of 
Australian Resources). Tn addition the mangrove forests them- 
selves vary in nature from place to place, some being sparse 
and open, others relatively damp and luxurious. They are best 
developed in inlets and along the lower stretches of rivers. 

(k) Swamps, ^Marshes and Streams 

This habitat, covering only an insignificant area of the 
continent and being best developed in the southeast, has a rich 
and specialized avifauna. ]\Iost water-birds wander widely, 
however. 
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A few speeies have morphologically differentiated isolates in 
southwestern Australia and/or Tasmania, e.g. Megaliirus gra- 
winrus, Porplnjrio porphgrio. The barriers are the arid Nnllar- 
1 or Plain and Bass Strait. 

1) iMise('llam‘oiis Habitats 

The ])ig(‘ons Lopliophaps plumifcra and J^rtrophassa albi- 
pnniis-vujipniuis, i-e(piiring roeky outcrops, are bi'oken up into 
moi'phologieally differentiatetl isolates by tracts of country 
lacking in, or having only small areas of, this habitat. Sand- 
l)lains and sand-hills, the bulk of which would probably stem 
from the onset of aridity at the end of the Pleistocene, are im- 
j)ortant in limiting distribution. The northern species of 
Amytornis are confined to three rugged river systems where 
bi‘oken rook and s])inifex or undergrowth occur in combination. 
In these and other species the distributional barriers are tracts 
of country didieient in permanent cover. 

( in) Bird Species ranging through many Vegetation Formations 

There are no 1 arricn-s to distribution in the case of these 
>peeies. 

Water as an Isolating Barrier 

(a) Speciation between Australia and New Guinea 

As noted in S(‘ction IV (2) the width of Torres Strait is 
some 100 mile's, with tlie longest water crossing perhaps 70 
miles. Its maximum depth in the section immediately to the 
north of Gape York is only 30 feet. The Strait was dry during 
part of the Tertiary and on two occasions tinring the Ideisto- 
cene. 

xVn assessment of tlie iiii})ortance of Torres Strait as a 
distributional l)arrier is gi’c'atly complicated by the climatic 
and ve'getation differences between the land-masses on either 
side of it. The north of Australia is relatively dry, is covered 
by savannah woodland, and is populated by bird species adapted 
for this kind of life. New Guinea specie.-^, by contrast, are 
)ai*gely inhabitants of tropical rain forest and montane forest, 
There is only a small endemic savannah ^\•oodland element. 

For the greater’ part New Guinea has contributed rain forei.t 
genera and specie's, and a few mangrovr* sjiecies, to the Au- 
stralian avifauna (see Section IX (a)). Australia is mostly 
snp])lying savannah woo-lland species to tlu' i-estricled areas of 
that habitat in sonthern New Guinea. 
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At the present time Australia and New (hiinea have about 
191 species of land and fresh water birds in common. These 
could be allocated, in terms of origin, as follows ; 

Species of Australian origin, about 92 
Species of New Guinea origin, about 66 
Origin doubtful about 33 

Of these, perhaps 52 of the Australian sjiecies (about 58 
per cent) have undergone differentiation in Ne^v Guinea and 
some 53 of the New Guinea species (78 per cent) have undergone 
differentiation in Australia. The smaller percentage figure in 
the former case is because large water birds (wanderers) and 
hawks are prominent in the list. 

Apart from currently occurring speciation between the two 
land masses, it is obvious that many bird groups today are 
represented by equivalent genera and species in the two areas, 
demonstrating that the interchange has gone on over a con- 
siderable period of time. This is particularly marked in the 
larger families like the honeyeaters and flycatchers but is seen 
in the smaller groups as well. Thus, for example, the subfamily 
Grallinae (Grallinidae) has the monotypic genus Grallina in 
Australia and the monotypic Pomarcopsis in New Guinea, and a 
parallel situation, in the Timaliinae, is suggested by Psophodes 
and Androphobus. Some of the larger Australo-Papuan genera 
like 3Ieliphaga (Meliphagidae), Pachyccphala and Gcrygone 
(Muscicapidae) have a series of equivalent species in the two 
land masses. 

(b) Speciation between Australia and the Near Offshore 
Islands 

Islands are few in number off the Australian coast. Tasmania 
alone is a large island capable of supporting a moderate-sized 
differentiating avifauna. Three of the smaller offshore islands 
have several minor races : King Island in Bass Strait, Kangaroo 
Island off southeastern South Australia, and Melville Island 
off Arnhem Land. 

The Australian offshore islands on which differentiating 
forms occur, their distance from the mainland, and the names of 
the forms are listed in Table 8. 

The total number of morphologically differentiated isolates 
on the offshore islands (including semi-species but excluding 
cases of speciation by double invasion) is 63. This figure repre- 
sents about 34 per cent of the total, a somewhat high figure. 
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Almost all of these, however, are on Tasmania. 

(c) Speciation between Australia and the More Remote Islands 

The position of the major islands and their distances from 
the Australian continent are discussed in Section (IV) and are 
shown in Figure 2. Their avifauiial relationships with Australia 
are summarized in Table 9. 

Apart from New Guinea, it will be seen that a significant 
two-way faunal interchange has only occurred between Australia 
and Timor. This island, moreover, lies on a main immigration 
route from Indonesia to Australia, and vice versa. 

Australia has supplied species to New Caledonia, Lord Ilowe 
Island, and New Zealand, over a period, but there is no indi- 
cation of the continent having received new land and fresh- 
water bird species from these sources. 

The avifaunal relationships between the more remote islands 
and Australia may be summarized as follows : 

Timor: The breeding land and freshwater avifauna of this 
island possibly totals 130 species, to which various chance 
visitors must be added. Oriental and endemic elements are 
])ronounced, though repeated interchange with Australia has 
occurred. Mayr (1944b) lists 22 bird species that have obviously 
entered Australia from Timor and points out that Australia has 
contributed a least 17 species to the avifauna of the island. 

New Caledonia: The land and freshwater avifauna totals 
G8 species, out of which about 18 species are colonizers from 
Australia. The island has a monotypic family, the Kagu 
(Rhynochetidae) . 

Several of the Australian colonists have reached, or passed, 
that stage of morphological differentiation typical of genetic 
species. These include a robin {Eopsaltria flaviventris) , a 
cuckoo-shrike {Coracina calcdonica), and an owlet-nightjar 
{Aegoiheles savesi). The endemic populations of the bustard- 
quail {Turnix varia), the nightjar {Eurostopodus mysticalis) , a 
honeyeater {Myzomcla elihapha), and others, are racially dis- 
tinct. There are no apparent instances of speciation by double 
invasion.” 

Lord Howe Island: The avifauna of this island is drawn 
from New Caledonia and the other islands to the north, New 
Zealand, and Australia. Several of the European species oeeur- 
ring on the island are self-introduced from New Zealand. The 
genus Zoster ops has invaded the island twice though whether 
or not this has been from a single point source is uncertain. 
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Of tlie 20 or more species of land ami freslnvater birds breed- 
in<»- oil Ijord llowe Island some 5 are of Australian origin. Of 
these tin* fantail Rhipidura ccrviua is now fairly distinct, the 
eraetieid Sfrcpcra graculina {crissalis) and the white-eye Zos- 
tcrops httcralis {tcph ro pleura) somewliat less so. 

Xcw Zeaknui: The breeding land and freshwater avifauna 
amounts to some SO species, pins over 20 “stragglers” that occa- 
sionally arrive from Australia. 

Several unique families of birds are confined to New Zea- 
land: the kiwis ( AiiterygidaiOi extinct moas (Dinornithidae 
and Anomalojiterigidae), bush wrens (Xenicidae), wattled 
crows (Callaeidae), as well as aberrant genera like Nestor and 
N / rigo ps ( pa rrots ) . 

Australia has had an inqmrtant influence on the development 
of the avifauna, with colonization proceeding over a consider- 
able period of time. Some of these colonizers are now gen- 
erically, others specifically, or racially, distinct. The Meliphag- 
idae are represented by a couple of endemic genera in New 
Zealand. In the case of the robin-like flycatchers one genus is 
endemic (Miro) and the other (the Australian Petroica) has 
given I'ise to a species {P. macroccphala.) in the islands. The 
stilts II imantopus uoraczi alandiac and P. U ucocephalus (race 
all) as) represent a case of speciation by double invasion. The 
flycatcher Rhipidura fuliginosa has only differentiated to the 
race level {fuliginosa), as has the kingfisher Halcyon sanctus 
(vagens). In more recent times an additional 8 to 10 Australian 
s})ecies have colonized New Zealand (see list in Falla (1058)) 
and now breed there. The latest of these is the swallow Ilirundo 
ncoxnia, which became a breeding si)ecies in 1958. These foi-ms 
have yet to difterentiate in the new environment. 

(d) lladiation of Australian Species in the Archipelagos of 
the Southwest Pacific 

Man.y bird species that ai'c obviously of Australian oi'igin, 
or that can r(xrsonabIy ])c inferred to be such, are re]n-esented 
by a sei-ies of insular isolates in the southwest Pacific aiea. 
These are discussed in Section XIII. They include Accipiter 
norac-hollandiae, Nijcticorax calcdouicus, Dupitor jlavicollis, 
and Petroica multicolor (Table 9). In some eases the initial 
range extension would appear to have taken ])laee through New 
({uinea but in others it has apparently been by way of New 
Caledonia. 
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X. HYBRID ZONES AND STEPPED CLINES — 
EVIDENCES OF FORMER ISOLATION 

Hybrid zones and stepiied dines occur in many bird species 
and in various parts of the Australian continent. They arc 
not, however, common (see Table 8). Hybridization in Australia 
has not yet been subjected to a proper study. This will be 
necessary before the relative status of Gymnorhina tihicen and 
G. leuconota, Banianlius zonarius and B. harnardi, Sc7'icornis 
macnlatus and S. frontalis, Platyccrcns eximius and P. adscitus, 
can be determined. 

Hybrid Zones 

Some of the more common cases of hybridization and the cir- 
cumstances surronndino' them are as follows: 

(i) Xorthiccsicrn Australia: Hybridization occurs between 
the Hamersley and Kimberley races of Dacclo leaclui, Coracina 
novaihollandiac, and Geopclia liKnicralis to tbe north of the 
Eighty Mile Beach arid barrier, some individuals of the south- 
ern forms liaving managed to bridge it. The Hamersley popu- 
lation of Ocyphaps lophotes intergrades both with its counter- 
parts in the Kimberleys and in central Australia, indicating a 
generalized range extension in this siiecies. 

(ii) Northirn Tirritury: The northwestern and eastern races 
of Poiphda bk-hntorii hybridize in the general region of Alex- 
andria Downs, N.T. (map in Keast, 1958f), the result of the 
eastern race having secondarily extended its range westward 
across the dry country at the head of the Gulf of Carpentaria. 

(iii) Base of Cape York: Two races of the finch Poephila 
cincta hybridize in this area. One obviously developed on Cape 
York and the other in eastern Queensland. Contact is the 
result of both having extended their ranges outwards into the 
dryer intermediate country. 

(iv) Tip of Cape York: The small water-kingfisher Alcyoiu 
pusilla has a variable population here, apparently due to the 
intrusion of genes from either the northwestern or New Guinea 
race, or both. 

(v) Darliny Downs and northeastern New SoiiUi Wales: 
There is occasional hybridization between the jiarruts Platycer- 
cus eximius and P. adscitus in this region. It is not clear which 
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of the above has invaded the range of the other but the one 
obviously developed in the southeast and the other in the north- 
east of the continent, respectively. (Fig. 12) 

Intergradation between the three eastern races of Malurns 
lamherti occurs in this sector. 

(vi) Southern New South Wales and northern Victoria: In 
the genus Gynuiorhina, a white-backed form occupies the south- 
ern parts of the continent {Icuconota) ^ and a black-backed one 
{tibicen) inhabits New South Wales and Queensland. A hybrid 
zone, corresponding generally to the Murray Valley but in 
places swinging 50-100 miles to the north, or south, of it con- 
nects the two forms today. The zone of hybridization is perhaps 
800 miles long. The habitat of Gymnorhina is open grassland 
with scattered trees, a form of association that has vastly in- 
creased as a result of clearing of the country. 

The possibility that there may be a broad hybrid zone in the 
striped-crowned pardolates (Dicaeidae) in this section of the 
continent, with Pardalotus ornatus itself being a hybrid form, 
has already been discussed. 

(vii) Southeastern South Australia: Platyeercus elegans has 
a series of distinctive intermediate populations in this section 
connecting the typical form (on Kangaroo Island) with ftaveo- 
lus in the Murray Valley. Cain (1955) suggests that these 
forms, and flaveolus itself, represent former isolates that de- 
veloped in forested pockets during a more arid phase and that 
hybridization is the result of secondary range extension. 

Further instances of hybridization in South Australia occur 
as a result of the eastward spread of Barnardius zonarius and 
SericOirnis niacnlatus, these meeting their counterparts {B. 
barnardi and S. frontalis) in the Flinders Range and Cape 
Jervis-Mount Lofty sections, respectively. It is not known 
whether hybrids are rare or common. 

(viii) Complicated Continent-wide Hybridization Patterns: 
Neositta chrysoptera superspeeies: This case, studied by ]\Iayr 
(1950b) is illustrated in Figure 21. Mayr has recorded inter- 
gradation between the southwestern and southeastern forms in 
western Victoria and between the southeastern and central 
Queensland forms in northeastern New South Wales. There- 
after, a series of somewhat transitional forms tend towards the 
Cape York one. The status of the northwestern counterpart is 
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unknown since it is apparently still isolated from the north- 
eastern ones. Here too, however, there has been considerable 
secondary range spread. 

Neositta is of particular interest in several ways : 

(a) The geographie counterparts had reached a significant 
degree of morphological difference, with many characters in- 
volved, before the barriers broke down or were abridged, (b) 
Hybridization has simultaneously oecurred in many places, (e) 
In some eases hybrid zones are narrow, in others broad, (d) 
Many of the areas where hybrid zones and range extensions 
occur are paralleled in other groups. The two western forms, 
for example, reflect the generalized eastward expansion that 
is taking place in various northwestern and southwestern forms 
(Keast, 1956a). 

Pachyecphala pe-cf oralis. This species, also analysed by Mayr 
(1954a), has a peripheral distribution, in the course of which 
it occupies a wide range of habitats. It has no fewer than 12 
geographic races, 8 to 9 of which are apparently isolates. Minor 
hybrid zones connect the others which occur in the following 
areas: western Victoria, southern New South Wales, southern 
Queensland (probably), and Gulf of Carpentaria. Minor hybrid 
zones such as occur in this species are also to be seen in a few 
others, e.g. Zosterops lateralis. 

Hybridization in Australia would appear to result from two 
main situations: (a) range extensions across or around arid 
barriers (inferring a minor improvement in the continental 
climate and probably some secondary adaptation to dry condi- 
tions) and, (b) outward movements made possible because of 
man-made alterations to the vegetation. The majority of cases 
are attributable to the former but the hybridization between 
Gymnorhina tibiccn-hypolcuca in the Murray Valley area has 
undoubtedly been accelerated, if not caused, by the wholesale 
clearing of the land and creation of great areas of the “open 
field” type habitat of this species. Hjdiridization between Platy- 
ccrcns eximiiis and P. adseitiis in the Darling Downs and north- 
eastern section of New South Wales is presumably also partly 
due to these causes. 

(2) Stepped Clines and Lesser Zones of Intergradation 

The frequency of occurrence of stepped dines in Australia 
cannot, at the present state of knowledge, be judged. They too 
are probably not common, however. 
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(jood examples of stepped dines are provided by the. eastern 
and western forms of the bower-bird Chlamydcra nuchalis in the 
region of the (lulf of Carpentaria, and by nortliern and south- 
ern forms of the goshawk Astur fasciatus. There is another in 
Estrilda tnnporalis in tlie Cairns-Maekay region. Certain of 
the minor zones of contact, e.g. in Pachyccphala pcctoralis, arc 
possibly more correctly described as step|)ed dines than hybrid 
zones. 

Various lesser races of birds intergrade in dilferent parts 
of the continent but the circumstances are too little known to 
warrant discussion, e.g. in Cracticus nigrogularis in the North- 
ern Territory and Gymnorhina tihicen along the Queensland- 
New South AVales border. In the genus CaUimanthm, ho\vever, 
the iutergradation of the forms campestris and fuliginosus in 
the Eyre l^eninsula and Coorong areas of South Australia is 
almost certainly secondary. 

Not to be confused with the aliove are instances of colour 
change along a zoiu' of steep climatic gradient, e.g. in Smirror- 
nis b7'cvirost)-is and Duccio Icuchii. No isolation has been in- 
v(»lved here ( Keast, 19o7d; 1958li). 

XI. THE ACSTKALIAN ENVUdCXMENT OF THE PAST 
AND EOPiMEP SPECIATION. ZOOCEOCPAPHK^ 
SrPUECHONS, THE KEECGE CONCEPT, AND 
ORNTTHOLOOICAL EVIDENCE OF PAST 
CLIMATIC CHANCES. 

Past climatic and physiogiuiihic changes on the Australian 
continent must briefly be reviewed with tlie objective of deter- 
mining if: (a) substantially different moulding forces operated 
during the development and radiation of the major bird groups; 
(b) the cireumslances of origin of specialized avifaunas can 
be determined; and (c) factors influencing speciation in the 
past have been substantialh" dilferent from those operating 
today. 

Characterislies of the Tertiary, Pleistocene, and early Recent 
in Australia 

Tcriiary: The i-estrieted information available indicates the 
following: (i) The continent was fiat throughout and there were 
proti’acted periods of still-stand, (ii'i New Cuinea and Tasmania 
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were in continuity with the mainland for part of the time, (iii) 
Extensive freshwater lakes occurred in the interior, (iv) Verti- 
cal earth movements initiated some of the major jiliysiooTaphic 
features of today: the Eastern Highlands or Great Divide, the 
Mount Lofty and Flinders ranges in South Australia, and the 
S]ieiieer aiul St. Vincent gulfs, the latter deep coastal indenta- 
tions that were to act as further liari'iers to west-east distribution. 
The Olary Ridge arose astride the southward drainage of Lake 
E^u-e into the sea. (v) The climate was humid and warm, (vi) 
There was a })an -Australian, broad-leafed, mesophytic flora, for 
much of the ]>eriod with trees such as Ciiuiamominn and Notho- 
fagus prominent. In the late Tertiary, however, xerie elements 
like Kucolgptus and Acacia heeanie ascendent. 

PLeistoccne : 

(i) The continent ('outiniu'd to be flat, (ii) The Gi*eat Divide 
was further elevated in early Pleistocene (or late Pliocene), so 
that new erosive cycles were initiated. The Great Austi-alian 
Right was formed by down-faulting, (iii) Sea-level changes 
occurred in association with the glacial periods in the Northern 
Hemisphere, major falls of 250-300 feet twice bringing New 
Guinea and Tasmania into broad contact with the continent, 
(iv) Glaciation was negligible in continental Australia, never 
more than a few hundred sfpiare miles being alfected. (v ) 
Ovei' large areas of the continent, and for a good portion of the 
Period, the rainfall was reasonably high. Deep alluvial deposits 
of Pleistocene age are known from many parts of the continent. 
The central lakes continued to hold water, (vi) Fossil i-emains 
show that giant hei*bivoi'ous marsupials continued to range 
widely over the continent. Crocodile fossils are known from 
South Australia, and elsewhere in the south, hundreds of miles 
beyond their i)resent distribution. One of the southern lung- 
fish fossils is apparently also Pleistocene. (The Pleistocene flora, 
unfortunately, is virtually unknown.) (vii) The continent was 
subject to climatic oscillations, althongli the extent and number 
of these is not known. Various geologists, and the climatologist 
Gentilli (R)4f)) have taken the view that the whole continent 
Iiassed through periods of generalized wetness and dryness at 
these times. I’ossibly more generally acceptable, howe\^er, in 
that it accords with the theory of shifting wind belts, is that the 
arid belt oscillated between south and north (Keble, 1947). That 
IS to nay, whilst the south was “wet” the noidh may have been 
“dry,” and vice ver.sa. 
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Three to four climatie oscillations, to accord with the number 
of glacial periods in the Northern Hemisphere, apparently oc- 
curred. The geologist Fairbridge (1953) has suggested, how- 
ever, that the rainfall would have been increased at the height 
of each Northern Hemisphere interglacial as well as glacial 
period, with each change being marked by a somewhat dry 
l>eriod. This would mean that the south of the continent may 
have had as many as eight “jiluvial periods” of varying inten- 
sity during the Pleistocene. Apart from these considerations, 
however, an increase in the continental area in the north, the 
result of a fall in sea level, might well have had the direct 
effect of causing aridity over this seetion ((\ F. Brooks, in 
Mayr, 3944b). 

Soil evidence, believed to sui)]iort the series of climatic oscil- 
lations in the Pleistocene (Butler, 1956) is now believed to 
refer, in the main, to later climatic fluctuations (Butler, per- 
sonal comm.) . 

Early Recent: Widespread aridity followed the end of the 
Pleistocene. In northern South Australia, central Australia, and 
parts of Western Australia, the Northern Territory, and Queens- 
land, there was a wholesale drying up of rivers and lakes, by 
now deeply silted. That the onset of the great aridity, as it has 
come to be called, was sudden and drastic is shown by the soils 
becoming freelj^ exposed to wind erosion over a wide area (due 
to the inability of the plant cover to adapt (juickly), and dune 
systems being built up (Crocker and Wood, 1947). Thus, with 
the advent of the Kecent period the continent came to assume 
its present form of an arid land mass surrounded by peripheral 
strips and pockets of fertile country. There is uncertainty as to 
when the ‘Bnaximum aridity” occurred. Provisional radio- 
carbon dates, however, indicate that the last of the giant herbiv- 
orous marsupials may have died out as recently as 13,000 
years ago (Gill, 1955), or even 7,000 years ago (R. Tedford, 
personal communication) . 

The evidence today is of some minor climatic improvement. 
Dune systems are vegetated in places and there has been sec- 
ondary range spread of various plant and animal species. 

Former Radiation and Speciation in Australia 

It is obvious that the changes in the Australian continent 
since the beginning of the Tertiary have been of the most 
jirofound kind. From a well-watered, well-vegetated land mass 
supporting a mesophytic flora, it has changed, through a series 
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of diliiatic oscillations, to an arid continent on which this flora 
is confined to a few peripheral sections and pockets. 

The original development and radiation of the Australian 
fauna took place under climatic conditions vastly different from 
those today. The nature of these earlier isolating barriers are 
difficnlt to assess. 

The “great aridity” of the early Kecent obviously had the 
most profound implications. Prominent elements like the giant 
herbivorous marsupials were exterminated. The then-existing 
flora and much of the fauna of the interior must have been 
eliminated or else compressed into pockets where conditions 
were less severe. The relict distribution patterns of animals like 
SarcophiJus (Tasmanian Devil) and Thylacimis (Tasmanian 
Wolf), whose fossils are known from western Xew South Wales 
and Western Australia, stem from this period. The lungfish 
N coceratodus is now confined to the Burnett River, Queensland, 
and crocodiles to the northern coastal regions of the continent. 
The dryness of the Australian continent today (one-third arid, 
one-third semi-arid), the dominance of the dry -adapted animals 
and plants over the greater part, and the present-day distribu- 
tion of the various vegetation formations are thus, in effect, 
relatively recent. 

In contrast with its climate, the Australian continent has 
not altered physiographicallj’’ to any great extent. Nevertheless, 
the elevation of the Great Divide in eastern Australia in the 
late Miocene, and its further development in the early Pleisto- 
cene has been of great significance. The Great Divide influ- 
ences precipitation over a large section of the east (giving it a 
uniform rainfall instead of one largely confined to the winter or 
summer). Its presence ensures a considerable habitat diversity 
in the continent. All the rain forests, and most of the sclerophyll 
forests, are confined to it. The Great Divide is the major 
“refuge area” in which “fertile-country” animal species (and a 
good proportion of the unique endemics come in here) are 
able to persist. Again, many of the tropical New Guinea ele- 
ments that have colonized the northeast have been able to do 
so because of the conditions created by the northern end of the 
range. The abrupt changes in climate and vegetation along the 
top and western slopes of the Great Divide are the limiting 
barrier to many species. 

A second physiographic development consists of the mid- and 
late-Tertiary changes in South Australia: (i) the formation 
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of t]ie St. Vincenfs and Spenoers Gulfs, and the Great Au- 
stralian Bi^'lit, 1)3" down-faulting and, (ii) the elevation of 
the Mount Loft3’ and Flinders Kanges and of the Olaiw Ridge. 
7 'he Bight along with eliinatie and edaphie factors, was to 
take over from the intrusive Cretaceous sea the maintenance 
of major lloristic differences between east and west. The IMount 
Lofty Ranges toda}^ support a pocket of seleroph3'll forest in 
what would otherwise he dr3" country. The elevation of the 
Olaiy Ridge, across the drainage of Lake B3^re into the sea, and 
the damming back of the steadil3' silting lake, must have had a 
local influence on animal distribution subsequently. 

Little can be said of the circumstances of origin of the “spec- 
ializ('d avifaunas” of toda\" except that it is doubtful if au3" are 
particularl3" recent. It has been suggested 1)3^ the writer, in 
contrast to the views of certain geologists who have postulated 
l)eriods of fairl3" uniform fertility during the Pleistocene, that 
some desert must have been present on the continent through- 
out. This is because* Australia has a nnmleer of unique and 
liighl3" si)ecialized desert elements, e.g. the marsupial mole 
{Notorcyics) , the devil lizard {Moloch), and the tree Casiiariun 
dccaisucaua. These have obviousl3" had a long histoiy (Keast, 
Uloba). The genus Aoiytornis is the nearest approach to a true 
desert genus among.^t the birds, though there are quite a number 
of desert species within genera. 

i\Inch of the selerophyll avifauna is obviousl3^ old, as are 
man3" of the savannah woodland elements. On the otlier hand, 
mangrove species and, with one or two exceptions, rain forest 
species, are fairl3" recent immigrants from the tropics. 

Wood ( 1959 ) has stressed that the major Australian plant 
communities, though stable, are relativel3" 3"oung. There has 
undoubtedl3' been a long standing tendency, however, for rain- 
fall and vegetation formations to have a zonal distribution, and 
for the components to bear a relative relationship to each other. 

It is obvious that speciation patterns prior to the onset of 
aridit3" woidd not have been the same as those operative toda3’. 
Xevertheless, tlie fact that “refuge areas” are centred on hill3" or 
mountainous segments that have been relativel3" constant in posi- 
tion since the Tertiary (though not elevated nor eroded to the 
same extent) suggests that the3" ma3" have, over a period, been 
centres of origin of new forms. As noted, the differentiation of 
Xew Guinea immigrants in Australia has been occurring con- 
tiniiousl3L 
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The key to miieh of the Pleistocene and Recent speciation 
undoubtedly lies in the climatic oscillations to which the con- 
tinent has been subject. A much better understanding of these 
is needed. This particular!}^ applies to the history of the 
Nullarbor arid barrier, isolating the very interesting faunas of 
southeastern and southwestern Australia. In this regard it has 
been reasoned that every south-north shift in the continent’s 
centre of aridity would lead to a tongue of better watered and 
better vegetated country extending across the head of the Great 
Australian Bight. Speciation in some birds {PsophocUs, Eop- 
saltria, Pachyccphala inornata-rufogularis), various frogs 
(Main, Lee and Littlejohn, 1958), and tabanid flies (Dr. I. 
Mackerras, personal communication) would appear to la^ ex- 
plicable only in this way — waves of east-west colonization by 
animal species, occurring with each improvement. 

Several of the major distributional barriers of today would 
have been eliminated or made less effective, not only by changes 
in rainfall, but by changes in sea level. A relatively small fall 
in sea level would have rendered the Gulf of Carpentaria dry 
land and permitted a much greater flow of forms between the 
northwest and northeast. The reduction or elimination of Bass 
and Torres Straits must also have led to a greatly accelerated 
interchange of forms with Tasmania and New Guinea. 

Each climatic shift in Australia has undoubtedly modifled 
and altered the vegetation pattern. With each major change 
some bird species must have prospered and expanded their dis- 
tribution, others become more restricted, and others undergone 
new adaptations. New forms and species that had developed 
at some isolated ‘‘point source” could have undergone marked 
increase in range at these times. Those that had reached species 
status could have come, or been forced, to occupy new habitats 
adjacent to those of their parents. In other eases, hybrid belts 
would have been formed. Lastly, amongst the various adapta- 
tions would be some with indirect evolutionary consequences, 
e.g. from a sedentary to a nomadic way of life, and vice versa. 

The Zoogeographic Subregion Concept in Australia 

The concept as it applies in Australia has recently been dis- 
cussed by the writer (Keast, 1959c), and the various subdi- 
visions as advanced by workers in the different zoological 
groups have been reviewed. The conclusion was reached that, 
so far as the concept has a place in Australian zoology, the 
scheme of Baldwin Spencer (1898), with its three simple 
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subdivisions (see later), is the most natural arrangement. The 
Spencer scheme has recently been modified and adopted for 
birds by Serventy and Whittell (1951). In contrast with the 
Spencer scheme, the multiplicity of subdivisions advanced by 
some invertebrate workers were found, for the most part, to 
correspond to refuge areas, and areas of minor isolation, in 
the higher vertebrates. 

The scheme of Spencer, derived originally from a study of 
mammals, frogs, ^ etc., is as follows : 

Bassian Subregion: Forested coastal regions of New South 
Wales and southeastern Australia, including Tasmania. The 
isolated southwest corner is also rich in Bassian elements. The 
Bassian region corresponds closely to the limits of the selero- 
phyll forests in Australia. 

Torresinn Subregion : Forested coastal regions of the north 
and northeast of the continent. This element is mostly of New 
(luinea origin. The zone corresponds approximately to the 
limits of tropical rain forest and tropical savannah woodland, 
though elements penetrate south for varying distances down 
the east and west coasts. 

Eyreon Subregion : Dryer interior of the continent, and ex- 
tending to the coast in the south and west, especially where the 
arid country extends to the sea. 

To what extent these divisions can justifiably be regarded as 
“areas of origin,” as distinct from “faunistic blocks” linked 
by common needs in the way of climate and vegetation and 
adaptations to environment, it is difficult to say. The Bassian 
zone, as noted, is a refuge area where various old “wet country” 
species and forms have been able to persist. The Torresian 
sector retains its distinctness to a degree because it is the sector 
of the continent in which new arrivals from the north establish 
themselves. In places, the division between the regions is fairly 
sharp, so far as birds are concerned. This applies as between 
the Bassian and Eyrean species in inland New South Wales. 
On the other hand, the postulated line separating Bassian 
and Torresian elements in the coastal sector has little founda- 
tion. Individual Bassian, Eyrean, and Torresian species 
more often than not do not extend to the limits of their indi- 
vidual region but occupy only part of it. Again, and as would 



1 In a recent comprehensive study of the Australian amphibian fauna. Dr. 
.1. U. Moore (personal communication) has concluded that frog distribution 
patterns do not justify the recognition of zoogeographical subregions in 
Australia. 
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be expected, tliere is a varying degree of penetration l)v indi- 
vidual species froin one region to another. This factor lias 
caused Serventy and AVhittell (11)51) to reit<‘rate that the 
zoogeographic subregion concept is onl^' valid if used in the 
‘‘fluid,’’ rather than the static, coneeiit. 

It is doubtful if anything is to be gained, from the speciation 
viewpoint, in trying to analyse the Australian avifauna from 
the zoogeographic snbri'gion, rather than from the vegetation 
formation, vi('wi)oint. The vi^getation formation is a mneh more 
real factor in bird distrilnition. Each of tlie liasie vegetation 
formations has a series of bird species, and sometimes even 
groups, confined to them. These, along with an associated quota 
of j)lant and other animal sjiecies, live under common biotic 
and physical conditions and can readily be referred to by the 
terms “sclerophyll forest fauna,” “savannah woodland fauna,” 
and so on. 



Tlie Kefnge Concept in Australia 
Hird workers who have discussed aspects of th(‘ refuge con- 
cept in Australia include Centilli (11)49), Mayr (19501)), Ser- 
venty (1951), Condon (1954), (‘ain (1055), and Keast (1957e). 
As yet, however, no attempt has been made at a comprehensive 
survey or studj" of the major refuge areas on the continent and 
their cliaracteristics. It is basic that, if the refuge theory has a 
real application in birds, there must be a large measure of con- 
sistency, from group to groiij), in the areas that have acted as 
“refuges.” 

“Kelict type” distributions have long been recognised by 
Australian luologists : see the I:otanists C’rocker and Wood 
(1947) and tlie entomolgist Tindale (1949) with respect to the 
jilants and butterflies, respectively, of South Australia. It must, 
however, be recognised that birds, with their moderate capacity 
for dispersal yet reluctance to cross hostile areas, and moderate 
to large body size (requiring a reasonably large an^a to survive), 
are more likely to reveal what are the basic refuge areas in 
Australia than plants or invertebrates with little capacity for 
dispersal. 

Figure 27 shows the major refuge areas in Australian birds 
as indicated by the present survey. The black arrow.s, and 
letters, indicate the barriers that isolate tliem. 

These refuge areas have the following characteristics; 

•a) Each is an area of hilly or mountainous terrain (s<‘e Fig. 
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3;, has a higher rainfall than the surrounding country, and 
lienee provides a measure of protection from seasonal and long- 
term shifts in climate. It has a distinctly richer and more 
diverse vegetation than its environs. 




Fig. 27. Refuge areas (which are also major centres of isolation) on the 
Australian continent. These are typically mountainous or hilly sections, 
as follows: southeastern section of Great Divide, Mount Lofty Ranges, Eyre 
Peninsula, southwest corner, Hamersley section, northwestern section, north- 
east (Uapo York), central Queensland, and central ranges. These are of the 
greatest significance in sclerophyll forest and savannah woodland species. 
Mangrove species are, however, isolated in the Hamersley, northwestern and 
northeastern segments, and a few rain forest — monsoon forest species as 
between the northeast and northwest. 

The numbers (1-4) indicate the major rain forest refuges. 

In the case of a few bird species (especially parrots) river systems have 
acted as refuges. The Murray-Darling basin has been of importance in a 
few species and the rivers entering the Gulf of Carpentaria in one. 

The black arrows and capital letters indicate the major isolation barriers 
(see text). 
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In the ease of a few of the parrots and one or two other bird 
species, river systems act as refuge areas. Riverine refuges 
have been earlier recognised for certain plants by the botanists 
Crocker and Wood (1947). 

(b) Most contain more than one basic vegetation formation. 

(e) Each supports several and sometimes a great number 
of isolated bird populations, forms, or species which in turn 
belong to a variety of different groups. The most distinctive 
forms occur between the northeast and northwest, and south- 
west, of the continent, respectively. 

These major refuge areas, summarized in Phgure 27, are as 
follows : 

(a) Northwest corner {especially Arnhem Land) : Many 

savannah woodland, monsoon forest and, to a lesser degree, 
savannah grassland and mangrove forms are isolated here. 
number of them have reached a significant degree of differenti- 
ation. For examples see Figures 12, 21, 22 (savannah species), 
and 8 (mangrove species). This is also a somewhat important 
area in the case of plants and various other animal groups. 

(b) Northeast corner {especially Cape York) : Savannah 

woodland, rain forest, and a few mangrove species have isolates 
here. Since, however, most rain forest and mangrove forms have 
secondarily been derived from New Guinea, the hilly sections of 
Cape York have only really functioned as a refuge in the ease 
of some savannah species. Many of the latter are counterparts 
of those in the northwest. For examples see Figures 12, 21, 22. 

(c) Central Queensland: Unlike the others this is not a 

compact area but is somewhat vague and ill defined. That it 
is really a series of minor refuge areas is indicated by the 
multiple geographic forms iii PlatycercHs adscitus and Neositta 
(Figs. 12 and 21). Again, several restricted areas of higher 
elevation rise above the Great Divide which is rather low here, 
giving rise to rain forest pockets. These areas are Atherton, the 
Clarke Range (adjacent to Bowen and Maekay), and Bunya 
I\Iountaius. 

In addition to the above, there is a degree of isolation and 
differentiation between various savannah woodland inhabitants 
of central Queensland and those of Cape York, e.g. Seisura in- 
quicta (Fig. 15), Climactcris picnninus (Fig. 22), and Poephila 
cincta. 

Central and southeentral Queensland are populated by a 
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series of distinctive elements in the case of land snails (Mc- 
Michael and Iredale, 1939), \vliilst several distinct species of 
reptiles are confined to this sector (Keast, 1959c). 

(d) Southeast of coutiueut: This extensive mountainous strip 
extends from the Bunya Mountains in southern Queensland 
to central-western Victoria. It is rich in endemic genera and 
species in all animal groups and is by far the most important 
of the rid’nge areas. Sclcrophyll (mostly), rain forest, and 
savannah woodland elements are contained within it. At the 
same time, some subsections within it are of importance on their 
own, e.g. ]\[acpherson-Dorrigo rain forests, Koskiusko Plateau 
(in invertebrates). Insular Tasmania, with its many indigenous 
species and races is an isolated segment. Examples include 
those shown in Figure 12, 21, 22. 

(e) Mount Lofty Ranges and Kangaroo Island: These sclero- 
phyll sections are minor refuges, and various populations iso- 
lated there have reached a minor degree of ditferentiation. One 
sucli is indicated in Figure 19. 

(f) Eyre Peiiinsnla: This functions as a minor refuge area 
for a couple of savannah species of southwestern origin (e.g. 
Climacteris rufa occidentalis. Fig. 22). 

It fulfills a similar role in the case of various i)lants (Wood, 
1939) and some invertel)rates. 

(g) Southwestern corner: This is an important refuge area. 
It contains one monotypic bird genus and a couple of dozen 
forms that have differentiated to varying degrees from their 
counterparts in the sclerophyll forests of southeastern Australia. 
Many others are isolated but undiff'erentiated. Nevertheless, its 
importance in birds compares in no way with that in plants, 75 
per cent of the species of which are endemic to the region. 
About 8 monotypic reptile and 8 monotypic marsupial genera 
are restricted to southwestern Australia. For examples see 
Figures 12, 22, and 23. 

(h) llamcrsley area: Several savannah woodland and grass- 
land bird species have morphologically differentiated isolates 
here, e.g. Climacteris melaniera (Fig. 22). The mangrove forests 
of this section also support various morphologically differenti- 
ated isolates (see Fig. 8). 

The biological significance of this area is that it contains a 
somewhat impoverished outlyer of the Kimberley flora and 
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fciuiiti, largely isolated today, mixed with a range of intruding 
tlesert elements. 

(i) Macdonndl ranges and other mountain ranges of Central 
Australia: A number of savannah species have populations 
here that are isolated to a varying extent. Only in a couple 
of cases, however, has differentiation occurred and in each 
case it is relatively minor; example, Rhipidura fnliginosa albi- 
caiida, Figure 14. A number of plant species have outlyers here 
isolated by hundreds of miles from their counterparts in the 
southeast (see Keast, 1959d). 

(j) The Rain Forest refuges: These are numbered “1-4” in 
Figure 27. The Cairns-Atherton tract is b}’^ far the most import- 
ant and it has a large and diverse avifauna. On the other hand, 
the Clarke Range is apiiarently only of limited importance. As 
noted earlier, isolation and differentiation in rain forest species 
are mostly taking place between the Cape York, Cairns-Ather- 
ton, and Bunya Monntains-Dorrigo tracts. The isolating bar- 
riers are areas of dry open savannah. 

(k) Riveri)ie refuges: Where tracts of forest are developed 
along river systems there is a marked tendency for a richer 
avifauna than in the dryer surrounding country. Several of 
the river systems have well differentiated isolates, especially 
in parrots. These include tho.se draining the llamerslej' plateau, 
the northwest and southwest of the continent and the central 
ranges. In addition, the Mnrray-Darling system (see map) has 
several distinct bird forms including the parrots Pohjtelis 
swainsoni and riatgeereus fiaveolus, and the rivers draining the 
Cnlf of Carpentaria have one distinct form, the parrot Bar- 
nardius barnardi rnaegilUvrayi. 

Barriers between Refuge Areas 

The barriers isolating ilie refuge areas are, typically, sections 
or tongues of diy or arid country, as will be seen from the 
rainfall, climatic and vegetation maps. They are marked “A” 
to “G” in Figure 27. These have already been discussed in 
Section IX with respect to breaking up the basic vegetation 
formations. They may be briefly listed as follows : 

(A) Coorong arid section (90 Mile De.sert), a tongue of arid 
country extending south from the interior. 

(B) Spencer Gulf, a deep coastal indentation with arid 
country about its head. 

(C) Nullarbor Plain (arid) and Great Australian Bight. 

( D ) Tongue of arid country extending from the interior to 
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the coast in the region of Shark Bay. 

(E) Eighty Mile Beach arid section, a tongue of the Great 
Sandy Desert extending through to the sea. 

(P) Tongue of dry country extending from inland to the 
head of the Gulf of Carpeutaria. 

(G) Tongue of somewhat dry savannah country extending to 
the sea in the vicinity of Townsville. It is easy to see how 
this belt, perhaps 100 miles wide, should break up the distribu- 
tion of rain forest species. The fact that a few savannah w^ood- 
land bird species have differentiated populations to the north 
and south of it suggests that it may formerly have been more 
severe. 

The Macdonnells and other ranges in central Australia are 
surrounded by a series of arid tracts, the Arunta Desert to 
the east. Great Sandy Desert to the west, extensive gibber 
plains to the south, and stunted desert scrub to the north. 
These serve today to isolate the animal inhabitants of the central 
ranges from their counterparts elsewhere in the continent. 

As has previously been noted, the rain forest tracts to 

‘‘4” in Pig. 27) are isolated from each other by tracts of dry 
savannah woodland, whilst the riverine refuges are surrounded 
by flat, more open country. 

Some Pragmeiital Avian Evidence sui)portiiig the Postulated 
Quartenary Climatic Successions 

During the present survey, and elsewhere, a limited amount 
of avian and other evidence that appears to support the postu- 
lated south-north movements of the climatic Indts has becm noted. 
It is as follows: 

Evidence that the north of the continent has been wetter than 
at present : (a) The distribution of the chat, Epthianiira crocea, 
a species re(piiring somewhat damp river valleys, is now broken 
lip into four populations, respectivel 3 ' 800-900 miles apart (Fig. 
Ki). in former times this Cvpe habitat must have been much 
more common across the north of the continent. 

(b) Man.v of the endemic savannah species in the north 
have isolated counterparts in the northwest and northeast cor- 
ners of the continent, respectively^ (see earlier). 

Evidence that the north of the continent has been dryer than 
at present: The isolated “species’^ of Amytornis along the 
nortliern s(*a)mard are examples (Pig. 18a). They' are derivatives 
of the desert spinifex species .1. striatus and their requirements 
in the way' of cover are sucli that they could only' have reached 
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their present position by a continuous tract of spinifex formerly 
extending through to th'e sea in this section. 

Evidence that the south of the continent has formerly been 
more fertile: (a) There are a great many sclerophyll bird 

species with isolated counterparts in the southeast and south- 
west of the continent, respectively. 

(b) Certain relict bird populations in the mountains of cen- 
tral Australia, i.e. Khipidura fuliginosa alhicaiida, Strepera ver- 
sicolor centralia. 

(c) Certain “relict -type” distributions in southwestern Au- 
stralia, e.g. Atriehornis clamosus^ Dasyornis hroadhenti; also 
the persistence of Phaps elegans and other species on the Abrol- 
hos Islands, despite their occurring on the mainland only a 
considerable distance to the south. (Serventy and Whittell, 
1951). 

Evidence that the south has been dryer: Biological evidence 
for this is, of course, difficult to find as far as present-day dis- 
tributions are concerned, for it is scarcely possible for “outly- 
ers” of formerly widespread arid country species to survive in 
what are now humid zones. A possible example may, however, 
1)C the occurrence of a breeding population of the dry country 
robin, Petroica goodenoviij on Rottnest Island, the neighbour- 
ing mainland being occupied by P. mxdticolor (D. L. Serventy, 
personal communication). Again, the secondary range extension 
outwards from the southwest corner of species like Neositta 
{chrysopiera) pileata and Acanthiza pusilla albiventris must 
infer a slightlj^ improved climate. 

Certain mammalian fossil occurrences are significant. L. 
Glauert (personal communication) has recorded remains of the 
dry country bandicoot, Macrotis lagotis, in post-Pleistocene 
cave deposits at the Mammoth Cave, southwestern Australia, 
where the animal no longer occurs. Similarly, Lundelius (1957) 
found fossil Dasyeereus, an arid country dasjuirid, as well as 
Sminthopsis hiriipes, in caves north of Perth, many hundreds of 
miles south of their present desert habitat. 

In contrast with the above, Tindale (1949) and Condon 
(1954) take the view that the pendsteiice of a few relict bird 
and butterfly populations in South Australia indicate that the 
climate in this section could not have been materially dryer in 
the recent past. 

Evidence that the south of the eontinexit has been subject to 
more than one '‘elimatie swing.’' Evidence for this comes from 
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frogs (Main, Lee and Littlejohn, 1958), tabanid flies (Dr. 1. 
IMaekerras, personal eonimnnieation), birds like Psophodes oli- 
vaccus-nigrofjidaris (map in Keast, 1958g) and PaclnjccphaJa 
rufogulari.^-inoniata (see Fig. 13), and Eops(dtria gcorgiana- 
australis. 

More examples of double invasion of the southwest by sclero- 
phyll forest bird species might be expected than actually occur. 
Eopsaltria gcorgiana and E. australis gviseogularis is, however, 
a good case of this. The red-backed wrens of the Malurus lam- 
berti complex (4/. dcgans and 4/. pidclicrrimus) might well be 
a second, and the zonal races of the thornbill Acanthiza pusilla 
ill the southwest, a third. 

The way in which various bird genera are represented liy 
distinct s])ecies in adjacent and “parallel” vegetation zones 
could, in point of fact, be evidence of climatic “swings.” These 
species could onlj^ have arisen in isolation (possibly during 
arid phases) and presumably become preadapted to the second 
habitat prior to the changing climate permitting them to spread 
out through it as it (‘xiianded. It will be noted that Paramanov 
(1959) has postulated shifts in the temperature zones in asso- 
ciation with glaciation to account for the altitudinal zonation of 
certain fly species in the Australian Alps. 

Soil-\T‘getation Relationships and the Climatic Past 

Soil, next to climate (present and past) and topography, is 
the chief factor governing the distribution of vegetation. Ac- 
cordingly, it can be said that the edai>hic history of an area 
and the distribution of the major soil areas today have a basic 
influence on present day animal distribution. Alternatively, the 
major soil changes during the Tertiary and Quaternary must 
have also had a direct bearing on past animal distribution. 

^Vs has been noted, the zonal soil groups in Australia follow 
a similar pattern to rainfall, as will be seen from a comparison 
of Figures 5 and 6. That they follow a broad but not absolute 
correlation with much of the zonal vegetation secpience has 
been stressed by Wood (1959) and others. The maps indicate 
that this correlation is best between sclerojdiyll forest and the 
I)odsols, mallee and the malice soils, desert loams and mulga, 
and desert sandhills and desert grassland. 

Soils are highly complex and variable sub.stanees and their 
development and evolution are conditioned by many factors, 
including parent material, age of land surface, relief, climate 
(rainfall and temperature), vegetation, and even the fauna. 
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Again, most soils are polygenetic, the result of more than one 
eombination of soil-forming factors (Crocker, lOoDb). Tin* 
physiogi-aphic and climatic changes outlined for Australia have 
thus, obviously, had a direct influence on soils: mountaiji 
building, sedimentation, erosion, wind, vuleanism, fiuviatile and 
arid periods, climatic and rainfall shifts, and ])lant growth itself. 
Hence, it must be stressed that a simple rainfall change does 
not permit the biologist to assume that this would automatically 
lead to the development, over that section of the continent, of 
the vegetation association that exists in the e^iui valent rainfall 
zone today. The influence of the change may, in point of fact, 
be direct, or it may be indirect and dependent upon a vegetation 
or microbiotie succession first creating the necessary soil nutri- 
ents. 

Unfortunately, little more has as yet been learnt of })ast soil 
changes in Australia than of past vegetation changes. Edaphic 
factors serve to exi)lain the most puzzling, and certainly the 
most important barrier to plant and animal distribution in 
Australia toda}", that serving to isolate the forests of south- 
western Australia from those of South Australia and the east. 
This isolation, originally associated with the Cretaceous and, to 
a degree. Tertiary seas, has been shown by Croeker and Wood 
(11)47) to have been successfully retained long after the disap- 
l)carance of the physical barrier b}' (a) the southwestern forests 
I)eing specialized for life on lateritic soil, (b) the accession of 
calcareous loess during the late ITeistocene, resulting in a large 
area of j)edocalcyc soils lying right across their })oteutial routes 
of colonization to the east plus, of course, the climatic factoi*s 
already discussed. 

All. “ECOLOGICAL” 8UEC1AT10N. THE 
DEVELOPMENT OE IIADITAT DlEFERENfH^LS 
BETWEEN SPECHES 

It lias been stri‘ssed that the habitat occupied is a “species 
character” in tin* (*ase of most Australian birds. Hence, it is 
important to endeavour to exiilain the origin and developmenl 
of these ecological ditferences. 

Two api>roaches could give tliis basic information: (1) A 
survey of the species to show if any vary geogra])hically in 
habitat occujiied (in the way that they vary geographically in 
morphological characters) and, (2) A study of the. ecology of 
related species occupying adjacent habitats. This should reveal 
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just how great the differences between them actually are and 
how they might have arisen. 

The latter ajiproach obviously requires detailed field studies 
and hence can only be lightly discussed here. It is, however, a 
profitable field for future investigation. 

Geographic Variation in the Habitat occupied by Species 

(a) Habitat Versatility in Species with Broad or Generalised 
Banges 

Wliilst some species are restricted to one vegetation forma- 
tion, others extend through many, sometimes ranging widely 
over the continental land mass. In these cases it is to be ex- 
pected, sinc(^ the physical and I)iotic conditions will vary, that 
extreme populations will differ in their adaptations. Isolation 
is lacking in species with wide and extensive “interior type” 
distribution patterns and is unlikely to arise. 

However, as suggested by various authors, the severance of 
any continuously ranging species into two parts would con- 
solidate and increase the ecological differences between the 
extremes. 

(b) Habitat Variation in Species with Peripheral or 
Specialized Kauges 

As noted, it is in these species that the majority of mor- 
phologically differentiated isolates occur. Here too many sig- 
nificant cases of geographic variation in habitat accompanying 
speciation are to be found. A selection of these is as follows: 

(i) AVithiu Species 

likipuiuru fiiligiiiosa and Pachyccphala pcctoralis: These 

two species extend, with various isolates, almost completely 
around the periphery of the Australian continent. Sclerophyll 
forest is occupied in eastern and southwestern Australia, rain 
forest in the northeast, monsoon forest in the northwest, and 
mangroves in the west, rachyccpliala also occurs, in places, in 
malice and llhipidura has an isolated outlyer in the Macdonnell 
ranges. This habitat variation in Rhipidura fidigmosa will be 
seen in Figure 14. 

The common denominator of these habitats is dense cover. 
Otherwise they have relatively little in common. 

Eopsaltria australis and Climactcris riifa: Both of these 

species have a fairly wide habitat tolerance in southwestern 
Australia, though their lieadcpiarters are the sclerophjdl forests. 
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Each has au isolated outlyer in the savannah woodland on Eyre 
Pcninsnla to the east of the Nullarbor Plain. 

Climactcris leucophaea. This species occupies seIeroi)hyll for- 
est in eastern and southeastern Australia, rain forest in the 
rairns-Atherton sector, and inonntain forest in New Guinea 
(see map in Keast, 1957e). The north Queensland and New 
Guinea races are isolated. The rain forest form (minor) is 
approaching that stage of differentiation typical of a full 
species. 

Strepera vcricolor. This is a mountain species in the south 
east, but it has a derivative in the dry mallee of western Vic- 
toria. 

Stipiturus malachurus. This species, basically an inhabitant 
of submarshy heathlands along the coastal fringe, provid('s 
an interesting demonstration, in the western part of its range 
(Fig. 19), of the adaptational pathway to life in the semi-arid 
mallee and arid spinifex desert. 

A derivative, 8. ruficeps, is isolated in the spinifex desert of 
the centre of the continent. 

(ii) Within Superspecies 

Scricornis frontalis — aS'. humilis — >S^. fnaculatus: The habi- 
tat in this group extends from rain forest and sclerophyll forest 
in eastern Australia to dry sclerophyll, savannah woodland, 
and coastal thickets in the south and southwest of the con- 
tinent. 

Calamanthus fiiliginosus — C'. campestris: The former in- 

habits the damp peripheral coastal section, the latter the semi- 
arid and arid inland. There is a morphological and habitat 
transition zone in South Australia. 

Psophodes olivaccus — P. nigrogularis : The former occupies 
the wet rain and coastal sclerophyll forests in the east. The 
latter occupies the coastal thickets and adjacent sclerophyll in 
the southwest, and the semi-arid mallee of that section and of 
inland Victoria. That is to say it demonstrates the transition 
from life in wet to life in dry country (Keast, 1958g). 

Amytornis striatns: Here the parental form has an extensive 
range through the spinifex sandplains of the interior. From 
it isolated species that live in rock river gorges have been 
•'budded oft*’" around the periphery of the range (Fig. 18a). 

Maluriis cyanciis — M. mdanotus — M. splcndcns group: In 
this ease a chain of 4 distinctive forms (3 of which are certainly 
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SO distinctive that they must l^e regarded as species) are isolated 
in a series of climatically quite dissimilar habitats from east 
to west across the continent (Fij?. 8). These are: M. cyancus 
(eastern sclerophyll forests); M. mclanotns (inland mallee and 
mnlga), M. caUainus (central spinifex desert), and M. spicndens 
(western sclerophyll forest and dry scrub). 

CUmacteris crythrops — V. a/Jiuis: These species are isolated 
in mountain sclerophyll in the cast and arid nmlga in the 
interior, respective!}'. 

Drymodes hrinincopyyia — D. siipcrciliosns: The former is 
isolated in the dry malh‘e association of the interior of southern 
Australia, the latter in the rain forests of (-ape York and 
Xew Guinea. 

The above instances show not only that the ditferent races of 
a species (isolated or otherwise) may occupy distinct vegetation 
formations in ditferent parts of the range but how these habitat 
ditferences may develop. Geographically re])resentative species 
within snpc'rspecies sometimes occu})y vegetation formations 
that are almost the opposite extremes of each other. 

Th(‘s(‘ cases indic'ate the i)robablc mechanism whereby adja- 
cent vegetation formations or zones come to be occupied !)y 
different members of a genus. It is characteristic of most species 
to extend outwards to the limits of the occni)iable habitat. Where 
thcj'c is geographic variation in Iiabitat the process is, in 
Australia, not one of the species varying its “preference” from 
one part of the range to another but of occupying the only 
v(‘g(‘tation foianatiou available. As with purely morphological 
characters, isolation tends to consolidate and increase the dif- 
ferences. Thus, for exami)le, amongst sclerophyll forest species 
CUinaeteris rufa has an isolate in savannah woodland whilst 
(\ tcucophaca has one in rain forest. 

Once an isolate* d(*velops halntat differences from its })arent, 
further changes can, pi'csnmabl}', take ])lace in two ways. 
The habitat to whicli it is confined conld undergo furth(*r 
change or modification, necessitating further adaptive changes 
on the part of the bird, if it is to survive. Eventually a situa- 
tion (‘onld dev(‘l()j), as in the Malurus cyancus snperspccies or 
('Uinactf ris o'ytln-ops, in which tlie ditferent species, isolated 
from each other, occujiy very different habitats. Alternatively. 
climati(' changes ('ould secondarily bring the vegetation forma- 
tions into a (‘losei* position relative to each other so that the 
forms occurring in th(‘in aj)proach or meet along the peripliei-y. 
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If rejii’odiK'tiye isolation lias lieoii established in the meantiim', 
one eonseqnenee eonld he that eaeli would remain within, or al 
least have a preference for, the formation to which it had heeome 
adapted. The honeyeaters Mdiphaga mclauops and M. cassidir 
in southern Victoria apparently avoid competition hy this 
mechanism, and it will probably prove to be equally the ease 
with the coastal and interior races of the thornhill Acanthiza 
piisiUa in New South Wales. 

Competition may, in actual fact, he the final force consolidat- 
ing habitat differences between related species (see next sec- 
tion). 

It goes without saying, in all these cases, that before a species 
can adapt or develop into a new association that habitat must 
contain certain characteristics basic to that species. Thus, mem- 
bers of the genus Malurus reipiire, at all times, thickets or 
undergrowth and those of (dimactrris tree trunks on which to 
feed. Nevertheless, at a certain stage, feeding and other modifi- 
cations may manifest themselves, e.g. members of the Climac- 
teris picnmnus group occupying o])eii country obtain }iart of 
their food from the ground. 

Some geographic variation in habitat and ecology is un- 
doubtedly characteristic of all widely-ranging species. Those 
members of selerophyll species living in soutlnvestern Australia, 
for example, are subject to somewhat dryer conditions than 
their counterparts in the east. Alternatively, within any one 
area, the vegetation is subject to change from time to time, as 
part of a succession or due to a changing climate. 

All in all, it can be said that there is ample indication in 
Australia of how isolates may diverge and “speciate” eco- 
logically, just as they do morphologically. Some ecological 
differentiation probably precedes geographic isolation in most 
instances but there is no need for it to do so. 

(c) The Occupation of Adjacent or Nearby Habitats by Different 
Infraspecific Forms 

Instances of this are apparently not uncommon in various 
montane regions of the world where sharp altitudinal changes 
in vegetation, and the interdigitation of vegetation zones bring 
markedly different bird habitats into close proximity. The 
mountain chains of California provide one such example — see 
the various publications of Miller and others (e.g. Miller, 1951). 
These are the kinds of situations that are sometimes considered 
to be possible instances of sympatric speciation. Ornithologists 
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generally, however, are adamant that sympatric speciation does 
not occur in birds. 

Australia, with its general flatness and arrangement ol' 
vegetation formations into broad zones, provides little evidence 
of this type of race distribution, for barriers are generally 
broad, not narrow. Speciation is thus clearly seen to be geo- 
graphic, The nearest approach to the other situations, how- 
ever, are to be seen in the following cases: 

(i) Colour races associated with steep climatic gradients 
(examples of Gloger’s Rule). Examples: Smicrornis hrevirostris 
and Dacelo leachii. These are purely local clinal forms, how- 
ever, without a potential for developing into new species. 

(ii) Zonal races, in which isolation is present. There are 
a couple of instances of these in New South "Wales. Acanthiza 
pusilla and Mahirns lambcrti each have a coastal race (in 
selerophyll) and an interior one (in savannah, etc.). Both are 
now isolated from their counterparts (though in Malurus there 
is a hybrid zone in northern New South Wales). The interior 
race of Acanthiza pusilla is certainly a secondary invader of 
eastern Australia for its affinities lie with the southwestern 
stocks (Mayr and Serventy, 1938). 

Another such case is provided by the Samphire Thornhill 
{Acanthiza ireclalci) in South Australia (Condon, 1954). Here, 
three races are isolated in adjacent but different habitats; i.e. 
it is the same kind of situation as in the species of the Malurus 
cijancus group (Fig. 8). 

Less understood than the above are the colour races (three) 
of Acayithiza pusilla in southwestern Australia (Mayr and Ser- 
venty, 1938; Serventy, 1953). As their distributions correspond 
to general zones of decreasing rainfall their characteristics could 
be attributed to the Gloger Effect were their ranges not par- 
alleled, to a degree, by three species in the Malurus lambcrti 
group of wrens. In the later publication, Serventy (1953) has 
suggested that the coastal race, Acanthiza pusilla Iceuwinensis, 
may actually be derived from the coastal one in the east, by 
migration around the Bight, and that it has achieved its present 
resemblance to the inland one by secondary gene flow between 
them. 
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Ecological Differences between the Dift’erent Members of a 
Genus Inhabiting the same or Adjacent Habitats 

(a) The General Problem: the Situation in ‘‘Old” and Well 

Consolidated Species 

The Australian avifauna contains many instances of species 
within genera specialized for life in different vegetation forma- 
tions, vide Mdipliagay Malnruii, Gerygone, Clhnacteris (Pigs. 7, 
8 ). 

Some of the larger genera, moreover, have more than one 
species within a single vegetation formation, e.g. Meliphaga 
and Acanthiza in the sclerophyll forests near Sydney. In such 
cases distinct subzones are occupied. Here, different species 
of Meliphaga inhabit, respectively, the stunted heathlands of 
the hilltops, areas of saplings and undergrowth, the more open 
sections of the forest, and pockets of rain forest. Of the five 

species of Acanthiza occurring in the area, two are ground 

feeders (in different classes of country). One is mainly a low 
bush and shrubbery feeder. The other two are foliage feeders, 
with a tendency for the one to inhabit mainly somewhat lush 
forests in hilly sections and the other dryer sections in more 
open country. These observations reflect findings from other 
parts of the world that related bird species occupy slightly 
different habitats or niches and that direct food competition 
between them is rare, e.g. Euroj^e (Lack, 1944), East Africa 

(Moreau, 1948), and California (Miller, 1951). As yet no 

comparative wmrk on the finer ecological attributes of related 
bird species has been carried out in Australia. It could be, how- 
ever, in vieAV of their generalized similarity in bill form, that 
in most cases no more profound food differences separate the 
occupants of adjacent habitats than those directl}^ associated 
with the habitats themselves. Most bird species are now recog- 
nised as being somewdiat opportunistic feeders (Lack, 1954; 
Hinde, 1959, and others). Where, however, closely related 
species co-exist in a single habitat they tend to be specialized 
for different foods (Lack, 1954). 

(b) Recently evolved Species. Habitat Differences in cases of 

Marginal Overlap and Double Invasion 
In all cases of marginal overlap of recently evolved species 
in Australia there is at least some tendency for different habitats 
to be occupied. This indicates not only that slightly different 
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‘‘preferences” have been built up during the isolation but 
emphasizes the role of competition in consolidating, if not 
initiating, ecological differences. 

The habitat relationshiiis in the overlap area in the cases of 
rec'cntly evolved species are as folloM’s ; 

(i) Amytoniis icxtUis and modcstus (Fig. 17a) in the 
IMacdonnell Eanges. The former lives in spinifex on the hills 
and the latter (vdiich is apparently the invader) keeps to 
spinifex in the valleys. ElscMdiere, similar or equivalent habitats 
are occupied. 

(ii) Philemon arejcnticcps and P. novacguincae (Fig. 26) in 
northern Australia. Tn this instance the former, the older 
resident in Australia, occupies the savannah woodland and 
grassland belts extending, in places, well out into the dryer 
forests. The later invader keeps to the peripheral mangroves 
and damper savannah woodlands of the coastal strip. 

(iii) Mcliphaga virescens and M. versicolor (Fig. 25). In 
this case the parental species (the former) ocenpies the dryer 
interior and its derivative (vdiieh arose in New Guinea) has 
re-entered Australia to occupy the mangrove habitat. 

(iv) Mclithreptns liinatus and M. albognlaris (Fig. 23). In 
eastern Queensland, ndiere these species overlap, the former 
(the southern species) keeps to the highlands and the latter (the 
invader) to the lower country. 

(v) MeUphaga lewini and M. votata (Fig. 24). These tvm 
species have the same sort of relationship in the Atherton area, 
M^here they overlap. The southern M. lewini is only to be found 
in the highlands. 

(vi) Pachycephala riifogularis and P. inornata (Fig. 13). 
The former occupies a very restricted, and presumably special- 
ized, area in the mallee of eastern South Australia — M’estern 
Victoria. The latter has a Mude range and extends well beyond 
the limits of the mallee. 

(vii) Acanthiza ewingi — A. pnsilla and Pardalotus quaelra- 
ejintus — A. pnnctatns, eases of double invasion of Tasmania. 
In each genus the earlier invader (the first named in each case) 
has the more restricted habitat and range as well as being the 
rarer form. Thus, Acanthiza ewingi is chiefly an inhabitant of 
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the “deeper forests and serub’’ and Pardalotus quadragintus 
iias a very “patehy’’ distribution (Sharland, 1945). Tlie later 
arrivals have a vider, more eontinuoiis rano’e and generalized 
habitat requirements. 

(e) Iiiterspeeific Competition and its Influenee on Habitat 
Plasticity 

This subject is to be treated in detail elsewhere, and hence 
will only briefly be reviewed here. 

Two situations that have now been recognised in various parts 
of the world have a series of Australian parallels. These are : 

(i) The occupation of broader habitat zones in regions where 
there is no closely related competitor or, as it is sometimes 
expressed, greater “ecological tolerance” in such situations. 

(ii) The occupation of the same or equivalent niche by distinct 
species in different areas. 

Quite exceptional examples of these are to be found in the 
isolated sclerophyll forests of southwestern Australia, a section 
of the continent that might be described as a “forest island.” 
It has an “unsaturated fauna” with fewer than 70 per cent of 
the species that occur in an equivalent section of the southeast. 
Presumably this is because only a proportion of species ever 
succeeded in reaching there, although some secondary extinction 
cannot be overlooked. The genus CJimactcris (tree-creepers) is 
represented in eastern Australia by three species, one inhabiting 
mountain sclerophyll, one lowland sclerophyll, and the third 
savannah country. Only one species occurs in the southwestern 
corner (C. rufa) and it occupies wet and dry sclerophyll and 
savannah woodland, extending into the mallee association. 
Gerygone (arboreal warbler) is represented by three species 
ill the southeast of the continent (but one of these lives in rain 
forest, an association absent from the southwest). The other 
two inhabit sclerophyll forest ((?. olivacea) and dry savannah 
{G. fiisca), respectively. In the southwest, however, where only 
the latter occurs, it inhabits both associations. 

The Meliphagidae are represented by less than half the num- 
lier of forest species found in the southeast. There are several 
significant cases of change of habitat to fill vacant niches. 
Lichcra indistincta and Meliornh novaehollandiae , mainly man- 
grove and “stunted heathland” species, respectively, in south- 
eastern Australia, are forest dwellers here. Meliphaga virescens. 
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a strictly dry country and desert species in the east, in the 
absence of such related species as Meliphaga chrysops, M. fnsca, 
and 31. melmiops, is the eommon forest honeyeater in the south- 
west. A specialized neetar-feediii" marsupial (Tarsipes), with 
elongated snout, tubular lips, and brush-tongue has developed 
in southwestern Australia, the only place where such an ecologi- 
cal form occurs. This may Avell have been associated with the 
paucity of nectar-feeding birds there (Meliphagidae, Loriinae).^ 
Lastly, an interesting case of ecological shift occurs in the 
thornbills, Acanthiza, in southwestern Australia. Here, there 
are only three species instead of five in any equivalent section 
of the east . Of the latter, tw^o are foliage feeders {A. lineata and 
A. 7iana)y two are ground feeders {A. chrysorrhoa and A. regu- 
loides)f and one (A. pusilla) is an intermediate feeder. The 
foliage feeders are, however, absent in the southwest where one 
of the ground feeders, A. (reguloides) inornata, has largely 
adapted to the vacant niche. 

These examples of ecological replacement and displacement 
reflect those recorded in the Galapagos islands (Lack, 1947) 
and Hawaiian Islands (Amadou, 1950b, p. 246), and elswhere. 

A search of the Australian avifauna reveals a variety of 
instances of equivalent habitats being occupied by different 
species in various parts of the continent. These occur in genera 
that have geographically representative species, e.g. in the 
honeyeaters {Meliphaga) , and in finches belonging to the genus 
Poephila. More striking cases, however, are to be seen relative 
to some of the more specialized ecological “niches,” thus: 

(i) Trunks and branches of trees. Over the bulk of the 
continent this food niche is occupied by members of two gen- 
era, the tree-creepers {Climacicris) and nuthatches {Ncositfa). 
The bills of these birds are long and straight for the extraction 
of insects and spiders from the cracks and fissures, and thej' 
have strong feet and claws for supporting themselves in vertical 
positions. Neither group occurs in Tasmania (though there are 
a few sight records of individual tree creepers). Here, a large 
billed honeyeater {3Ielithrcptus (gularis) validirostris) spends 
much of its time searching the bark (Sharland, 1945). Again, 
in the dense rain forests of Cairns-Atherton, only one species 



1 Th^ southwest has however, a much larger number of six cics of uectar-bearing 
shrubs than the southeast. These may well provide a more consisttuit nectar-flow 
from month to month and hence it may be this that has permitted the development 
of a specialized nectar-feeding marsupial. 
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of Climactcris occurs, Ncositta being absent. A flycatcher, 
kaupi, has here developed the habit of hunting over the 
trunks for insects. 

(ii) Masses of eroded rock in gorges, in which fissures and 
caves occur. This niche might be typified by that of the cave- 
warbler, Origma ruhecnla, endemic to the sandstone-limestone 
area near Sjnlney, which finds its insect food about the rocks. 
In the Macdonnell Ranges in central Australia, however, a 
grass-wren, Amytor7iis textilis, has the same habits and food 
niche, and in northern Australia members of the A. striatus 
group behave in the same general way. In the Carnarvon 
Ranges of central Queensland, an area of sandstone similar to 
that near Sydney, the scrub-wren Sericornis fi'ontalis, passingly 
utilizes the vacant niche. 

Adaptations such as those outlined in this section stress the 
great versatility and adaptability of many birds with respect to 
habitat. They indicate how the ecological changes associated 
with adaptation to a new habitat coincident with speciation may 
be made. The competition of closely related species may, more- 
over, serve to consolidate habitat differences. 

XIII. CONTINENTAL AND ARCHIPELAGO 
SPECIATION COMPARED 

Quantitative Differences lietween Continent and Archipelago 

The 425 bird species covered in the survey, only 70 of which 
actually range beyond the continent to any degree, have a total 
of 485-505 morphologically differentiated isolates in the section 
to the east of Wallace’s Line (Timor, Palau, Samoa and New 
Zealand), and 211-226 isolates within Australia (Table 3). 
For a comiiarisou of the “potential” of an archipelago and a 
continent for giving rise to new species, however, an area of the 
southwest Pacific of eciuivalent size to that of Australia, and 
which excludes New Guinea (that has partly a “continental- 
type” of speciation) must be taken. Such is shown in Figaire 
28. It embraces the Bismarks, the Gilberts, Solomons, Fiji, New 
Hebrides, and New Caledonia. 

The bird siiecies (53) occurring both in this area and in 
Australia, and the number of morphologically differentiated 
isolates in each, are set out in Table 10. The number of isolates 
in the island section is 201 and that on the continent 38-43 ; the 
island segment, significantly enough, has some five times as 
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many. Several of the speeies, moreover^ have an exceptionally 
large nninber of isolates in the archipelago region. Thus, Aeci- 
pitcr novae-hoUamliae has 0; Ralhis philiirpcnsis, 12; Halcyon 
chloris, 26, Coracina tcnairosto'is, 10; Ehipidura rnfifrons, 18; 
Petroira multicolor, 10; and Pachyccphala pcctoralis, 34. These 



MARSHALL 




Fig. 28. Australia and an archipelago area of equivalent si/e in the 
southwest Pacific (enclosed by ])lain line) to compare potential for giving 
rise to new species. 

sulistantially account for the greater number of ditferentiated 
forms ill the Pacific area. That the trend is, however, a general 
one is shown by the fact that only in three species does the num- 
ber of continental isolates exceed the archipelago ones: Butori- 
(Ics striatus, Tuniix varia, and Bhipklura. fuliginosa. The last 
two of these extend for only a short distance into the archipelago 
area. 

(Qualitative Dift'erences between Continent and Archipelago 

Since the days of Darwin and Wallace workers have been 
impressed by the striking and often bizarre ap])earanee of 
insular races and species. This not only apjilies to the more 
isolated archipelagos like the Galapagos and Hawaii but is 
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seen, to a degree, over a wide section of the southwest Pacific. 
The studies on Rhipidura rufifrons (Mayr and Moynihan, 1946), 
Petroica multicolor (Mayr, 1934), Artamus Icucorhynchus, 
Lichmcra indistincta, and others may be noted in this regard. 
It also often applies in the ease of islands lying offshore from 
a larger laud mass, as in the genus Tanysiptera in the New 
Guinea region (Mayr, 1954b). Bird species that do not vary 
at all on the Australian continent may have distinct populations 
on peripheral islands, e.g. Dicaeum liirundinaceum, Foepliila 
guttata. Compared to many of these insular forms, continental 
variation is commonly minor and insignificant — an observa- 
tion that, as noted, led Goldschmidt (1940) to believe that evolu- 
tionary processes on the two were dissimilar. 

Archipelago and insular bird populations are commonly 
characterized by: (a) Marked shifts in colour pattern and in 
the distribution of body colour, (b) Shifts in the degree of 
sexual dimorphism within species, (c) Changes in the size 
and form of appendages, especially the bill and tail, (d) 
Changes in over-all body size. 

The present survey reiterates the greater prominence and 
frequency of these changes under archipelago conditions. It 
also shows, however, that : 

(a) All these different kinds of variation occur, to a degree, 
on the Australian continent. Marked shifts in colour pattern 
are typical of isolates of long-standing, e.g. as between the 
southeastern and southwestern populations of the finch super- 
species Zonaeginthus hellus and the honeyeater Acanthorhyn- 
chus tenuirostris. Shifts in the degree of sexual dimorphism 
are minor and rare but occur in the whistler Pachycephala pec- 
tor alls, some of the wrens {Malurus) and as between species of 
the bower-bird genus Chlamydera. There is a marked case in 
the Petroica cucullata-vittata group but in this case Bass Strait 
has been the isolating barrier. Changes in bill-form in associa- 
tion, apparently, with a change from insect to seed-feeding, 
occur in Amytornis and Turnix, wdiilst a noticeable elongation 
of bill is seen in the case of certain nectar-feeding honeyeaters. 
For example, note the difference between the generalized bill of 
Melipliaga fusea and the elongated one of M, macleana (figured 
in Keast, 1959e). Differences in body size between closely 
related members of a genus are not common but do occur in 
Amytornis. Within species, continental size variation typically 
^kes the form of a south-north dine of decreasing body size. 
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The trend is accentuated, Avith individuals from the southern- 
most and northernmost areas averaging a difference in size of 
20 per cent or more, Avhen the end populations are isolated from 
each other, e.g. in ^cisura inqiiicta and Meyaloprcpia magnifica. 

(b) Much of the archipelago and insular variation is also 
only minor. The more striking forms are, on the whole, in the 
minority. 

Notwithstanding the above, it is a reasonable assumption that 
the small insular populations, morphologically distinctive 
though they may be, are over-specialized. They would probably 
have little future in the event of a marked change in their 
biotic environment, or were they introduced to the competitors 
and jn-edators of a continent. It is Avith the generalized and 
versatile continental populations that the real future of each 
evolutionary line lies. 

Comparison of the Continent and Archipelago as a Physical 
and Genetic Environment 

Tropical and subtropical archipelagos differ from continents 
in various ways. Rainfall tends to be regular, if seasonal. 
Temperatures are equable. The rigorous climate that necessi- 
tates extensive latitudinal migrations or nomadic movements is 
lacking. There is uecessaril}- a year-round supply of food 
available. The shore line sharply limits the range. 

Archipelagos also differ from continents in that, resulting 
from the reduced opportunities for dispersal, they have only a 
fraction of the animal and plant species. A corollary is that 
potential food niches are likely to remain unoccupied on remote 
islands, simply because the right species are unable to reach 
them. This means, of course, that species are less likely to be 
confined, by competition, to a restricted Avay of life but can 
more easily diversif}" or become modified to a neAv niche. More 
strikingly, this same absence of competition has permitted and 
encouraged the bizarre radiation by the members of single 
groups that occurs on the Galapagos and IlaAvaiian islands. 

The big problem in archipelago speciation is to explain 
hoAV so many distinctive forms can develop on adjacent islands 
when, as environments, they are apparently similar. This Avas a 
subject that much occupied the mind of DarAvin (1890, p. 355) 
and he sought to explain it aAA^ay in terms of the biological, not 
the physical environment, thus: “IIoav has it happened in the 
several (Galapagos) islands situated Avithin sight of each other, 
having the same geological nature, the same height, climate, etc.. 
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that many of the immigrants should have been differently modi- 
lied, though only a small degree. This long appeared to me a 
great difficulty ; but it arises in chief part from the deepl}^ -seated 
error of considering the physical conditions of a country as the 
most important for its inhabitants; where it cannot be disputed 
that the nature of the other inhabitants with which each has 
to compete is at least as important, and generally a far more 
important element of success.” 

Mayr (1947), in quoting Darwin, stresses that individual 
islands in an archipelago are not as similar as they might at 
first appear but may differ in size and elevation, temperature 
and precipitation, ocean currents and, since their population 
by fauna and flora is fortuitous, as biotic environments. 

Amadou (1950b) in a review of the remarkable modifications 
in the bill form of the Hawaiian honey-creepers comments on 
“rapid divergent evolution” in archipelagos and quotes Simp- 
son’s views that “quantum evolution” is associated with a 
change from one ecological niche to a radically different one. 
Such an explanation, however, can hardly account for the lesser 
changes in colour and colour pattern that characterizes so many 
of the insular forms in the southwest Pacific. Nor, since few of 
the populations are very small, is genetic drift (the fixation 
of hitherto neutral or unfavourable genes merely by chance) 
likely to play a major role. 

An interesting theory has recently been advanced by Mayr 
(1954b) to account for the accelerated variation and differentia- 
tion in animal populations on islands adjacent to continents. 
This is, in effect, that insular populations, by nature of the 
fact that their founders could only possess a limited proportion 
of the gene reservoir of the species, have a different genetic 
“environment” than their parental forms. An all-important 
factor in the transition from one well integrated and conserva- 
tive condition, through a highly unstable period, to another 
new period of balanced integration, lies in what genes are 
carried to the new areas by the founders. That the new complex 
will be different is assured by the following considerations: (a) 
As noted, the founders represent, genetically, only a segment 
of the parental variability; (b) alleles that had been previously 
of equal viability are likely to change their relative viability 
during the period of rapid readjustment; (3) recessives will 
have a much greater chance to become homozygous in the re- 
duced population and thus become more exposed to selection. 
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XIV. SUMMARY 

(1) The present study is a detailed investigation of species- 
formation in the Australian avifauna. It covers 425 (80%) 
of the 531 species of breeding land and freshwater birds oc- 
curring on the continent. 

(2) Monotypic species (that do not vary geographically) 
amount to 188 (44%), whilst 99 (23%) have clinal variation 
only. Those with morphologically differentiated isolates on the 
continent total 138 (33%). 

(3) The number of morphologically differentiated isolates, 
forms with the “potential” of developing into new species, 
totals 211-226, an average of 0.5 per species for the whole fauna, 
or 1.6 per species for the 138 that have them. Sixty (23%) of 
the isolates have differentiated to a marked or moderate degree. 

(4) The continent is rich in demonstrations and examples of 
currently occurring si)eciation. Ten families provide examples 
of the full range of intermediate stages from isolated popula- 
tions that have not yet differentiated to markedly different 
isolates and examples of range overlap, without interbreeding, 
of newly-evolved forms. An additional 8 families show examples 
of all stages but the last. 

(5) Almost one-third of Australian bird species belong to 
superspecies. Many of these superspecies groups are entirely 
confined within the continent. There are about a dozen current 
cases of range overlap by newly evolved species, and about the 
same number of instances of (current) speciation by double 
invasion. (There are also various instam-es of successive in- 
vasion of an area by infraspecific forms.) Most of these in- 
vasions are from New Guinea to Australia and from the main- 
land to Tasmania. There is one good case of speciation by circle 
formation, with the end -members of a chain of forms infertile. 

(6) The habitat (vegetation formation) occupied by a species, 
and the nature of a species’ seasonal movements, individually 
exercise a strong influence on its potential for giving rise to 
isolates and hence new species. The family grouping to which 
it belongs, however, appears to have little influence, other than 
through what might be called the “ecological attributes” of 
that familjL Of the total isolates in Australian birds, 14 per 
cent are to be found in species that are basically inhabitants of 
rain forest, 33 per cent occur amongst the selerophyll forest 
dwellers, and 20 per cent belong to savannah woodland species. 
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much speciatioii oeeurrin" as between (i) the rain forest se<»:- 
ments of Cape York, Cairns-Atlierton, and south Queensland - 
These vegetation formations are peripheral in distribution and 
are broken up into isolated traets. In contrast to this, few 
isolates occur in species specialized for life in the interior, 
continuously rang'in", vegetation formations. 

Nomadic bird species, amounting to some 23 per cent of the 
whole avifauna, have only an insignificant number of morpho- 
logicalh' differentiated isolates. The overwhelming majority of 
isolates occur in the sedentary species. Virtually no isolates 
occur in the hawks and large water birds, which species ar(* 
typically nomadic. 

(7) The geographic isolating barriers leading to isolation and 
differentiation are discontinuities in tlie basic habitat (vegeta- 
tion formation) of sjiecies. These are either tongues of dry 
or arid country that extend from the interior to the sea to 
break up the forested areas, or are tracts of sea. The way in 
which these barriers operate is discussed in detail. There is 
New South Wales, respectively, (ii) the sclerophyll forest tracts 
of southeastern Australia, Tasmania, and southwestern Au- 
stralia and, (iii) the savannah Avoodland tracts of northwestern 
and eastern Australia. Differentiation is common between popu- 
lations of species on either side of Torres Strait. It sometimes 
occurs on offshore islands. Further afield, a variety of Australian 
species have distinctive populations or counterparts in New 
Zealand, Lord Howe Island, and New Caledonia. Others have 
given rise to many insular forms in the archipelago areas of 
the southwest Pacific. 

(8) The present study discloses the existence of about 33 
hybrid zones, representing the premature re-uniting of dif- 
ferentiating forms. Most result from a minor climatic improve- 
ment that has permitted forms to spread out. The clearing 
of the forests has been a relevant factor in other cases. The 
geographical position of the various hybrid zones is discussed, 
it being pointed out that most occur between tlie main centres 
of isolation and differentiation (i.e., “refuge areas”). 

(9) The Australian climatic and physiographic environment 
of the Tertiary, Pleistocene, and early lleeent, are reviewed. 
i\Iuch of the original radiation and speciation in birds took 
place under conditions of generalized fertility. Present-day 
aridity is a relatively recent development. The circumstances 
of Tertiary speciation cannot be seen. During the Pleistocene, 
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lioM'ever, successive eras of rauge extension and isolation must 
have accompanied the periodic climatic shifts of the period. The 
“refug’c area” type of isolation of today possibly occurred to 
a degree previousljL The position of the refuges, peripheral 
mountainous or hilly areas, would have been the same because 
there has been virtualh" no mountain-building since the end of 
the TertiarjL 

Since the distribution, and composition, of the basic vegeta- 
tion formations (that compose the bird habitats) are dependent 
on the soil substratum, as Avell as rainfall, it is not valid to 
assume that any particular shift in the rainfall belts would 
alter the habitat distribution to the same degree. The soil itself 
is an evolving system. In the ultimate degree, the birds (their 
distributions and adaptations), the vegetation formations and 
their individual members, the soil, and the climate are all chang- 
ing, individually and relative to each other. Nevertheless, 
through the habitat, rainfall and soil changes have a direct 
influence on bird distribution and speciation. 

Colonization from, and by way of, New Guinea, and subse- 
(luent differentiation in Australia, have made a significant con- 
tribution to the building-up of the Australian avifauna, not 
only in recent times, but throughout geological history. 

(10) “Ecological” speciation, the development of habitat 
differences between species, is reviewed in some detail. Cases 
of geographic variation in habitat occupied and habitat “dif- 
ferentiation,” under circumstances of isolation, are discussed. 
It is noted that where marginal overlap and double invasion 
occur the two species separate out into slightly different habi- 
tats, notwithstanding that they occupy similar habitats else- 
where in the range. Likewise, species tend to occupy much 
broader niches where there is no competitor. 

(11) Differentiation and speciation on the Australian con- 
tinent is compared with that occurring in an archipelago seg- 
ment in the southwest Pacific of equivalent size. It is found 
that there are five times as many morphologically differentiating 
isolates in the latter. Though much of the insular isolation is 
minor, studies on species like Iihipidum rujifrons and Petroica 
multicolor reiterate that insular populations tend to be subject 
to more marked shifts in colour pattern, in the degi'ee of sexual 
dimorphism within species, and significant elianges in size and 
form of appendages. 

(12) To sum U]), speciation is actively occurring in Australian 
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birds and the number of forms Avith the “potentiar’ of develop- 
in*? into neAv species is large. All speeiation is geographie. 
At the same time, the same basic factors and rules apply as in 
the island archipelago from Avhieh much of our basic knowledge 
of the speeiation process has been built ui). 
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Table 1 

THE :\IA.I()U VEGETATION FORMATIONS 
OCCURRING IN AUSTRALIA: 

THEIR (HIARACTERISTICS 

(jModified and enlarf^ed from that in Wood (l!)4?0 ) 



formation 


CIIARACTHRISTICS 


Rain Forest 


Dense assemblage of trees, canopy continuous, 
woody climbers (vines) present. Monsoon or pseudo 
rain forest, narrow strips of dense soft woods 
along the banks of rivers in parts of the northern 
coastal region, have a somewhat similar consist- 


Sclerophyll Forest 


ency. 

Trees of forest form, in closed community; dense 
undergrowth of hard leaved shrubs; grass rare. 
(Map groups wet and dry sclerophyll.) 


Savannali Woudlaiul 


Rather open parklike communities of trees, with 
scattered shrubs and a few herbs. Grassy under- 
foot and with open areas. 


Savannah (Irassland 


Grasslands with herbs and a few snb-fruticoso 
shrubs, interspersed with a few trees, or small 
clumps of trees. Sometimes intermixed %vith tracts 
of savannah woodland. 


Mallee Scrub 


Associations of dwarf eucalypts, the trees charac- 
terised by multiple stems arising from a common 
base; growing in semi-arid regions frequently on 
soil with characteristic qualities (mallee soil). 
Growth is generally rather open. Scattered shrubs 
and tracts of clumped porcupine grass (Triodia) 


Miilga Scrub 
(desert steppe) 


are present. 

Hniall trees with dense or scattered shrul)s, few 
herbs, and wdth vast tracts dominated liy the IMulga 
(Acacia ancura). 


Desert Grassland 
(desert steppe) 


Hand-plain covered with tussocks and clumps of 
spiny sclerophyllons grass (sometimes fairly con- 
tinuous, sometimes sparse), mainly spinifex or 
porcupine grass (Triodia) . Chenopodaceous plants. 
Marked seasonal herbage after rains. Gibber des- 
ert, plains Avith gravel and stone pavement, vegeta- 
tion minimal, is included here. 


Mangroves 


Shrubs or trees in littoral zone, growing in forma- 
tions that may be relatively open or of dense and 
shady consistency. 


Swamps, marshes and 
rivers 


Areas of fresh water that are either open, associ- 
ated w'ith sparse trees, or densely covered with 
reed-bed. 


Miscellaneous 


Includes various minor subdivisions, e.g. rocky out- 
crops and river gorges. 
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Table 2 

MA.JOK VEdETATIOX FOKMATION: AliEA COVEUED 
P.Y EACH, AND inCIINESS IN TEEMS OF 
NFMBEU OF DIED SPECIES 

Ecich bird speeders is iiududcd only oiuh*, it Indiij;- pla<n*(i iiiub'r 
the formation to whiidi it is eoiifined or, in the case of those speci(> ^ 
that occur in more than one, under tin* formation that is judged to 
be its main habitat. 
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Table 3 

AITSTRALIAX BIRD SPECIES: SPMMARY OF 
(lEOGRAPITIC VARTATIOxX, ISOLATION AND 
SPECTATION TRENDS 

111 the eohmiii referriii" to the iiuiiiber of isolates beyond 
Australia the symbol “x'’ means that there is a solitary dif- 
ferentiated population beyond the continent, and “(x)'’ means 
that the species extends there without differentiation. In order 
to enable proper comparisons to be made, each species extending' 
beyond the continent is regarded as having a “parental form’’ 
both inside and outside of the continent. That is to say, the 
“x”s in this particular column are not included in the totals 
and subsequent calculations. All figures refer only to isolates 
in the section to the east of AVallace’s Line. 

In the sixth column, if the species is a member of a super- 
species group centred to the west of AVallace’s Line this is indi- 
cated by the symbol (or figure) being placed in brackets. Again 
these are not included in the totals. 
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TOTAL: 425 190 99 213-220 487-502 125(29) 59 154-161 
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AUSTRALIAN BIRD FAJIILIES: SUMMARY OF 
GEOGRAPHIC VARIATION, ISOLATION AND 
SPEUIATION 
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In the seventh column the figures in brackets refer to the 
numbers of species belongiug to superspet'ies groups cent(M'e<l to 
the west of Wallace’s Line. 
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Table 8 

ISOLATION AND SPECIATION ON OPFSIIOKE 
ISLANDS 



Island 


Distance offshore 
(miles) 


Morphologically Distinctive 
Isolates 


Tasmania 


13(J. Longest 


About 12 that have reached or 


(southeastern) 


water gap. 50 


are approaching the degree of 
differentiation typical of spe- 
cies, plus 20 lesser isolates. 


King Island 


50 from Tasni. 


Minor forms of Melithreptus 


(southeastern) 


50 from Viet. 


gularis, M. affinis, Acanthoryn- 
chus tenuirostris, Acanthiza 
ewingi, Malurus cyaneus (also 
on Flinders Island). Total; 
about 5. 


Kangaroo Island 
(sonthern) 


5-10 


Minor forms of Melithreptus 
atricapillus, Anthochaera chry 
soptera, Phylidonyris pyrrhop- 
tera, Meliornis novaehollandiae, 
Acanthorhynchus tenuirostris, 
Meliphaga leucotis, Estrilda 
temporalis, Acanthiza pusilla, 
Stipiturus malachurus. Zonae 
gintlms bellus. Total: about 10. 


Hecherohe Archipelago 
(southwestern) 


5-20 


Minor form of Sericoruis ma- 
culata. 


Abrollhos Islands 
(western) 


40 


Minor forms of Turuix varia, 
Sericornis maculata. 


Dirk Ilartog Island 
(western) 


24 


Malurus leucopterus (also on 
Barrow Is.). Minor forms of 
Calanianthus fuliginosus, Sti- 
piturus malachurns. 


Barrow Island 
(western) 


35 


Eremiorniscarteri (minorform). 
An insular race of Anthus au- 
stralis has been described from 
here. 


Bernier Island 
(western) 


20 


Malurus lamberti minor form. 


Melville Island 
(northwestern) 


20 


Minor forms of Turnix casta- 
nota (?), Coracina papuensis, 
Dacelo leachii, Meliphaga fla- 
vescens, Entomyzon cyanotis, 
Philemon novaeguineae, Myzo 
mela obscura (?)• Total: about 
7. 

Minor form of Zosterops lat- 
eralis. 


Capricorn Islands 
(eastern) 


25 
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Table 9 

AVIPAUNAL RELATJONSHIPS BETWEEN 
AUSTRALIA AND THE MORE REMOTE 
SURROUNDING ISLANDS 





Species that have 
colonized Australia 


Australian species that 
have colonized island 


New Zealand 


nil 


8-10 in recent times (Falla, 
1953), plus many older ele- 
ments (Melipliagidac, Musciea- 
pinae). 


Lord Howe Island 


nil 


to about 10 (see Hiudwood, 
1940). 


New Caledonia 


nil 


About 18 (see Mayr, 1945a). 


Timor 


20-22 (Mayr, 
1944b) 


.About 17 (Mayr, 1944b). 


New Guinea 


66 plus 


92 plus. 
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Table 10 

CONTINENTAL AND AKCIIIPELAGO SPECIATION. 
COMPARISON OF NUMBER OF MOKPIIOLOOU’ALLY 
DIFFERENTIATED ISOLATES IN BIRD SPECIES 
COMMON TO BOTH AREAS 



N umber of Morphologically Number of 

iliffereutiated Isolates Isolates in 

Species in southwest Pacific (Fig. » Australia 



Podiceps novae-hollaudiae 2 

Aviceda subcristata 4 

Ilaliastur splioiiuriis — 

llaliastur indus — 

Aecipiter novae-hollandiae 9 

Accipiter fasciatus — 

( 'ileus approxiniaiis — 

Faleo peregrinus 1 

Pandioii haliaetus 1 

Xotophoyx novaehollandiae — 

Deiiiigrctta. sacra 1 

Xycticorax caledonicus 2 

Hutorides striatus 4 

Dupetor flavicollis 1 

Botaunis stellaris — 

Dendroeygiia arcuata 1 

Anas superciliosa 1 

gibberifrons 1 

Aythya australis 

Hallus philippeiisis 12 

Rallina tricolor 2 

Porzaua tabueusis — 

Poliolinmas cinereus 4 

Amauroriiis olivaceiis 1 

Porphyrio porphyrio 5 

Turnix maculosa 1 



1 



5 



1 

1 



2 
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Table 10 (Continued) 



Species 


Number of Morphologically 
differentiated Isolates 
in southwest Pacitic (Fig. 28) 


Number of 
Isolates in 
Australia 


Tuniix varia 





3 


Chalcophaps indica 


1 


1 


Trichoglossus haematodus 


2 


1 


Eurystomus orientalis 


— 


— 


Halcyon sanctus 


2 


— 


Halcyon chloris 


26 


— 


Coracina lineata 


6 


— 


G. papuensis 


5 


2-3 


G. tenuirostris 


10 


1 


Lalage leucomela 


5 


2-3 


Rhipidura rufifrons 


18 


1 


R. leucophrys 


1 


— 


R. fuliginosa 


2 


4-5 


R. rufiventris 


5 


— 


Piezorhynchus alecto 


1 


2 


Petroica multicolor 


10 


1 


Paehycephala pectoralis 


34 


5-7 


P. rufiventris 


1 


— 


Artamus leucorhynchus 


4 


— 


Nectarinaria jugularis 


1 


— 


Myzoinela dibapha 


— 


— 


Lichniera indistincta 


1 


— 


Philemon novaeguineae 


1 


1 


Zosterops lateralis 


6 


6 


Erythrura trichroa 


4 


— 


Ghibia bracteata 


2 


— 


Aplonis metallica 


1 




TOTAL 


201 


38-43 
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